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REPORT 

UPON 

THE  CONDITION  AND  PROGRESS  OF  THE  U.  S.  NATIONAL  MUSEUM 
DURING  THE  YEAR  ENDING  JUNE  30, 1904. 

By  Richard  Rathbun, 
AsmMant  Secretary  of  the  Smithsonian  Institution,  in  charge  of  the  U.  S.  National  Museum, 

GENERAL  CONSIDERATIONS. 

The  United  States  National  Museum  had  its  origin  in  the  act  of 
Congress  of  1846  founding  the  Smithsonian  Institution,  which  made 
the  formation  of  a  museum  one  of  the  principal  functions  of  the 
latter,  and  provided  that — 

Whenever  suitable  arrangements  can  be  made  from  time  to  time  for  their  recep- 
tion, all  objectfi  of  art  and  of  foreign  and  curious  research,  and  all  object**  of  natural 
history,  plants,  and  geological  and  mineralogical  specimens  belonging  to  the  United 
States,  which  may  be  in  the  city  of  Washington,  in  whosesoever  custody  they  may 
be,  shall  be  delivered  to  such  persons  as  may  be  authorized  by  the  Board  of  Regents 
to  receive  them,  and  shall  be  so  arranged  and  classified  in  the  building  erected  for 
the  Institution  as  best  to  facilitate  the  examination  and  study  of  them;  and  when- 
ever new  specimens  in  natural  history,  geology,  or  mineralogy  are  obtained  for  the 
museum  of  the  Institution,  by  exchanges  of  duplicate  specimens,  which  the  Regents 
may  in  their  discretion  make,  or  by  donation,  which  they  may  receive,  or  otherwise, 
the  Regents  shall  cause  such  new  specimens  to  be  appropriately  classed  and  arranged. 

The  principal  and  accrued  interest  of  the  Smithsonian  fund 
amounted  at  that  time  to  about  $750,000,  a  sum  considered  ample  to 
meet  the  needs  of  the  various  operations  in  which  it  was  proposed  that 
the  Smithsonian  Institution  should  engage.  In  1846  probabl3^  not 
more  than  one  or  two  imiversities  or  learned  establishments  in  Amer- 
ica had  so  large  an  endowment,  and  it  was  apparently  the  ideii  of 
Congress  that  the  fund  was  sufficient  })oth  for  the  erection  of  a  build- 
ing and  for  the  care  of  the  collections  which  would  be  turned  over 
to  it  or  acquired  by  the  national  surveys,  and  in  other  ways.  The 
Museum  thus  began  as  an  integral  part  of  the  Institution,  coordinate 
with  its  library,  and  was  required  by  law  to  provide  for  the  Govern- 
ment collections  which  had  previously  accumulated,  a  duty^whichi^he 
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Institution  did  not  see  its  way  clear  to  fulfill  until  1858,  when  Con- 
gress began  to  make  small  yearly  appropriations  to  aid  in  this  purpose. 
So  inadequate,  however,  were  the  sums  voted  that  for  many  years  the 
slender  income  of  the  Institution  continued  to  be  drawn  upon  to  insure 
the  maintenance  of  what  was  then  justly  called  the  Smithsonian 
Museum,  since  the  building  was  paid  for  out  of  the  Smithson  fund,  a 
considerable  portion  of  the  collections  was  and  still  is  the  property  of 
the  Institution,  through  exploration  and  gift,  and  a  number  of  the  offi- 
cials connected  with  the  Museum  were  employed  at  its  expense. 

The  first  scientific  collection  to  come  into  the  possession  of  the  Insti- 
tution— and,  in  fact,  it  accompanied  the  bequest — was  the  small  but 
valuable  mineralogical  cabinet  of  James  Smithson,  the  founder,  who 
was  himself  a  chemist  and  mineralogist  of  repute  and  a  Fellow  of  the 
B.oyal  Society  of  London. 

The  nucleus  of  the  National  Museum  was,  however,  virtually  acquired 
by  the  National  Institute,  a  society  organized  in  Washington  about 
1840,  having  for  its  avowed  purpose  the  direction  of  the  Smithson 
bequest  and  the  pursuit  of  objects  in  consonance  with  the  terms  of  that 
foundation.  One  of  these  objects  was  the  gathering  of  historical  and 
natural  history  specimens  from  both  official  and  private  sources,  most 
prominent  among  the  former  having  been  the  United  States  Exploring 
Expedition  around  the  world  from  1838  to  1842.  Rooms  in  the  Patent 
Office  building  were  secured  for  the  museum  of  the  society,  which  was 
practically  recognized  as  the  appropriate  place  of  deposit  for  all  Gov- 
ernment collections  retained  in  Washington.  Another  important  serv- 
ice rendered  by  the  society  was,  as  the  late  Dr.  G.  Brown  Goode  has 
said,  in  the  direction  of  educating  public  opinion  ^'  to  consider  the 
establishment  of  such  an  institution  worthy  of  the  Government  of  the 
United  States."  Failing,  however,  to  secure  the  public  recognition  at 
which  it  aimed,  it  became  inactive  upon  the  establishment  of  the  Smith- 
sonian Institution  in  184(>,  and  its  charter,  which  expired  in  18<)1,  was 
not  renewed.  The  Government  collections  in  its  possession,  which 
'  came  practically  under  the  care  of  the  Commissioner  of  Patents,  were 
turned  over  to  the  Smithsonian  Institution  in  1858.  Other  material 
directly  under  the  control  of  the  National  Institute  remained  at  the 
Patent  Office  until  1862,  and  a  part  of  the  historical  objects  were  held 
there  until  1883. 

Previous  to  1858,  however,  important  materials  for  a  museum  were 
being  accumulated  at  the  Smithsonian  Institution,  at  its  own  cost  and 
through  the  activities  of  its  assistant  secretary.  Prof.  Spencer  F. 
Baird,  Imginning  even  before  his  appointment  to  that  office  in  1850. 
The  personal  bent  of  Professor  Baird  was  toward  the  collection  of 
natural  history  specimens  for  purposes  of  study.  With  the  approval 
of  Secretary  Henry  he  put  into  oj>enition  plans  for  the  accomplish- 
ment of  this  object,  which,  fostered  and  encouraged,  were  spon  yield- 
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ing  reguhir  and  abundant  returns.  Professor  BainTs  own  vacations 
were  spent  in  jield  work.  Oftieers  of  the  Army  and  Navv  and  of  other 
branches  of  the  (lovernment  st»rvice,  tishernien,  fur  traders,  private 
exploreis,  and  such  powerful  organizations  as  the  Hudson's  Bay  Com- 
pany and  the  Western  Union  Telegmph  C^>mpany,  were  enlisted  in 
the  work  and  rendered  valuable  assistani»e.  The  influence  exerted  by 
the^^e  beginnings  has  been  lasting  and  widespread,  as  shown  in  the 
extensive  natural  history  operations  of  subsequent  National  and  State 
surveys,  the  organization  of  the  Fish  Commission  and  Bureau  of  Eth- 
nology, and  the  support  given  to  scientific  collecting  by  many  other 
bureaus  of  the  Government. 

The  discussion  of  plans  for  the  organization  of  the  Smithsonian 
Institution,  which  devolved  upon  the  first  Board  of  Regents,  led,  in 
January,  1847,  to  the  unanimous  adoption  of  the  following  resolution 
expressing  approval  of  the  nuiseum  feature  as  one  of  its  important 
functions: 

Resolvfdf  That  it  is  the  intention  of  the  act  of  Congrfess  establishing  the  Institution, 
and  in  acconlance  with  the  design  of  Mr.  Sniithson,  as  expresseil  in  his  will,  that 
one  of  the  principal  modes  of  executing  the  act  and  the  tnist  is  the  accumulation  of 
collections  of  specimens  and  object'^  of  natural  history  and  of  elegant  art,  and  the 
gradual  formation  of  a  library  of  valuable  works  pertaining  to  all  departments  of 
human  knowledge,  to  the  end  that  a  copious  storehouse  of  materials  of  science, 
literature,  and  art  may  be  provide<l,  which  shall  excite  and  diffuse  the  love  <»f  learn- 
ing among  men,  and  shall  assist  the  original  investigations  and  efforts  of  those  who 
may  devote  themselves  to  the  pursuit  of  any  branch  of  knowledge. « 

The  policy  thus  announced  has  prevailed  to  the  present  dn,y. 

In  1879,  when  most  of  the  existing  (lovernment  surveys,  whose 
work  included  the  collecting  of  specimens  in  the  field,  had  been  estab- 
lished, Congress  deemed  it  important  to  practically  reenforce  the  pro- 
visions of  the  act  founding  the  Institution,  in  order  that  there  might 
be  no  doubt  as  to  the  proper  disposition  of  the  material  certain  to  be 
derived  from  these  various  sources,  by  the  following  enactment  in  the 
sundry  civil  appropriation  act  for  1880: 

All  collections  of  rrnks,  minerals,  soils,  fossils,  and  objects  of  natural  history, 
anrheology,  and  ethnolgy,  made  by  the  Cosnit  and  Interior  Survey,  the  (geological 
Survey,  or  by  any  other  parties  for  tbe  (Toveniment  of  the  United  States,  when  no 
longer  needed  for  investigations  in  progrens  shall  l)e  deposited  in  the  National 
Museum. 

Although  the  name  "National  Museum"  was  sometimes  used  in  the 
earlier  i-epoils  of  the  Smithsonian  Institution,  it  did  not  appear  in  any 
of  the  laws  of  Congress  until  1875.  Its  general  employment  may  be 
said  to  date  from  the  time  of  the  Philadelphia  Centennial  Exhibition 
of  1876,  the  first  exposition  in  this  country  in  which  the  Government 
participated,  and  the  first  to  make  known  to  vast  numbers  of  the 
people  of  the  United  States  the  existence  of  national  collections  at 
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Washington,  as  well  as  new  methods  of  installing  and  exhibiting 
museum  materials,  differing  radically  from  the  older  cabinets  of  col- 
lege or  local  nmseums,  which  had  prevailed  up  to  that  period.  After 
its  close  the  Government  exhibits  brought  back  to  Washington, 
together  with  the  extensive  gifts  made  to  the  United  States  by  private 
persons  and  foreign  governments,  rendered  necessary  the  early  erec- 
tion of  a  new  and  separate  building,  devoted  entirely  to  muvseum 
purposes.  Since  that  time  Congress  has  mainly  provided  for  the 
maintenance  of  the  Museum,  but  its  management  remains,  by  the 
fundamental  act,  under  the  authority  of  the  Regents  of  the  Smithso- 
nian Institution,  administered  through  their  Secretary,  who  is  exoffiA^lo 
the  keeper — a  form  of  government  insuring  a  consistent  and  uniform 
policy  and  a  nonpartisan  administration  of  its  affairs.  The  greater 
part  of  the  Smithsonian  building  is  still  used  for  nmseum  puiposes, 
and  the  Institution,  as  well  as  most  of  the  scientific  bureaus  at  Wash- 
ington, cooperate,  both  through  men  and  material,  in  enlarging  and 
caring  for  the  national  collections. 

The  scope  of  the  National  Museum  as  defined  by  law  comprises 
practically  all  branches  of  science  and  of  the  arts  which  admit  of 
museum  treatment.  With  exceedingly  limited  mejins  for  making  pur- 
chases, and  therefore  almost  entirely  dependent  as  to  the  (character 
of  its  collections  upon  Government  explorations,  personal  donations, 
and  exchanges,  its  different  departments  have  had  a  very  unequal 
growth.  The  subjects  best  represented  are  American  ethnology  and 
archeology,  geology,  zoolog}^  and  botany.  A  fair  beginning  has  been 
made  in  the  exceedingly  important  branches  of  the  inaustrial  arts 
and  American  history,  and  scarcely  more  is  required  to  place  the^e 
two  departments  on  a  prope/  basis  than  sufficient  room  to  display 
the  necessar}'  collections,  which  are  certain  to  be  received,  in  greater 
part  through  gratuitous  contributions,  when  it  is  known  that  the 
Museum  is  prepared  to  care  for  them,  in  the  department  of  the  fine 
arts  the  collection  is  still  very  small,  but  the  subject  is  one  which 
must  sooner  or  later  receive  earnest  considemtion  by  the  Government. 

The  specimens  in  all  branches  are  classified  in  two  series;  one,  com- 
prising the  bulk  of  the  material,  being  arranged  for  the  purposes  of 
scientific  research  and  reference  in  labomtories  and  storerooms,  to 
which  students  are  freely  admitted;  the  other,  selected  with  regard  to 
their  geneml  educational  value  and  public  interest,  and  accompanied 
by  descriptive  labels,  being  displayed  in  glass-covered  cases  in  the 
public  halls.  The  duplicate  specimens  not  required  for  exchanges 
are  made  up  into  sets  for  distribution  to  schools  and  colleges,  as 
opportunity  offers.  Papers  descriptive  of  the  collections,  both  tech- 
nical and  popular,  are  published  for  gratuitous  circulation  to  the 
extent  of  three  or  more  volumes  yearly,  and,  finally,  the  Museum 
has  come  to  be  regarded  as  a  bureau  of  information  in  respect  to  jail 
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subjects  with  which  it  is  even  in  the  remotest  degree  concerned,  the 
correspondence  which  this  involves  now  constituting  one  of  its  heaviest 
tasks. 

The  history  of  the  Museum,  as  pointed  out  by  the  late  Doctor  Goode, 
raay  be  divided  into  three  epochs,  which  he  characterized  as  follows: 

First,  the  period  from  the  foundation  of  the  Smithsonian  Institution  to  1857,  dur- 
ing which  time  specimens  were  collected  solely  to  serve  as  materials  for  research. 
No  special  effort  was  made  to  exhibit  them  to  the  public  or  to  utilize  them,  except 
a«  a  foundation  for  scientific  description  and  theory. 

Second,  the  period  from  1857,  when  the  Institution  assumed  the  custody  of  the 
**  National  Cabinet  of  Curiosities,"  to  1876.  During  this  period  the  Museum  became 
a  place  of  deposit  for  scientific  collections  which  had  already  been  studied,  these  col- 
lections, so  far  as  convenient,  being  exhibted  to  the  public  and,  so  far  as  practicable, 
made  to  serve  an  educational  purpose. 

Third,  the  present  period  (beginning  in  the  year  1876),  in  which  the  Museum  has 
luidertaken  more  fully  the  additional  task  of  gathering  collections  and  exhibiting 
them  on  acxxjunt  of  their  value  from  an  educational  standpoint. 

During  the  first  period  the  main  object  of  the  Museum  was  scientific  research;  in 
the  second,  the  establishment  became  a  museum  of  record  as  well  as  of  research, 
while  in  the  third  period  has  been  added  the  idea  of  public  education.  The  three 
ideas — record,  research,  and  education — cooperative  and  mutually  helpful  as  they 
are,  are  essential  to  the  development  of  every  great  museum.  The  National  Museum 
endeavors  to  promote  them  all. 

In  the  same  connection,  Doctor  Goode  also  defined  the  scope  and 
objects  of  the  Museum  in  the  following  concise  manner: 

It  is  a  museum  of  record,  in  which  are  preserved  the  material  foundations  of  an 
enonr  ous  amount  of  scientific  knowledge — the  types  of  numerous  past  investigations. 
This  is  especially  the  case  with  those  materials  that  have  served  as  a  foiuidation  for 
the  reports  upon  the  resources  of  the  United  States. 

It  is  a  museum  of  research,  which  aims  to  make  its  contents  serve  in  the  highest 
degree  as  a  stimulus  to  inquiry  and  a  foundation  for  scientific  investigation.  Research 
is  necessary  in  order  to  identify  and  group  the  objects  in  the  most  philosophical  and 
instructive  relations,  and  its  otficers  are  therefore  selected  for  their  ability  as  investi- 
gators, as  well  as  for  their  trustworthiness  as  custodians. 

It  is  an  etlucational  museum,  through  its  policy  of  illustrating  by  specimens  every 
kind  of  natural  object  and  every  manifestation  of  human  thought  and  activity,  of 
displaying  descriptive  labels  adapted  to  the  popular  mind,  and  of  distributing  its 
publications  and  its  named  series  of  duplicates. 

AS   A   MUSEUM   OF   RECORD. 

In  its  function  as  a  museum  of  record  the  growth  of  the  National 
Museum  has  been  unprecedented,  due  mainly  to  the  mpid  exploration 
and  development  of  a  rich  and  extensive  country  under  the  liberal 
and  progressive  policy  of  the  Government.  From  scientific  institu- 
tions throughout  the  world,  from  foreign  governments,  and  from  indi- 
viduals abundant  stores  of  great  value  have  been  received,  either  as 
gifts  or  through  the  medium  of  exchange  of  specimens,  and  a  small 
appropriation  in  recent  years  has  permitted  of  some  purchases  to 
supply  desiderata.  ^  , 
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The  principal  sources  of  the  collections  may  l>e  briefly  summarized 
as  follows: 

1.  The  explorations  carried  on  more  or  less  directly  under  the 
auspices  of  the  Smithsonian  Institution,  or  by  the  Institution  in  con- 
nection with  educational  institutions  or  commercial  establishments, 
and  the  efforts,  since  1850,  of  its  officers  and  correspondents  toward 
the  accumulation  of  natural  history  and  anthropological  material. 

2.  The  United  States  Exploring  Expedition  around  the  world  from 
1838  to  1842,  the  North  Pacific,  or  Perry,  Exploring  Expedition  from 
1853  to  1856,  and  many  subsequent  naval  expeditions  down  to  and 
including  the  recent  operations  in  the  West  Indian  and  Philippine 
waters. 

3.  The  activities  of  members  of  the  TniU^d  States  diplomatic  and 
consular  service  abroad. 

4.  The  Government  surveys  at  home,  such  as  the  Pacific  Railroad 
surveys,  the  Mexictin  and  Canadian  boundary  surveys,  and  the  surveys 
carried  on  by  the  Engineer  Corps  of  the  U.  S.  Army;  and  the  activi- 
ties of  officers  of  the  Signal  Corps,  and  other  branches  of  the  Army 
stationed  in  remote  regions. 

5.  The  explorations  of  the  U.  S.  Geological  Survey,  the  U.  S.  Fish 
Commission,  the  Department  of  Agriculture,  the  Bureau  of  Americiin 
Ethnology  of  the  Smithsonian  Institution,  and  other  scientific  branches 
of  the  Government. 

6.  Donations  and  purchases  in  connection  with  the  several  exposi- 
tions at  home  and  abroad  in  which  the  Museum  and  Fish  Commission 
have  participated,  among  these  having  been  the  Centennial  Exhibition 
at  Philadelphia  in  1876,  the  International  Fisheries  Exhibitions  at  Berlin 
in  1880  and  at  London  in  1883,  the  New  Orleans  Cotton  Centennial 
Exposition  in  1884  and  1885,  the  Cincinnati  Exposition  of  1888,  the 
World's  Columbian  Exposition  at  Chicago  in  1893,  the  expositions  at 
Atlanta  in  1S95,  at  Nashville  in  1897,  at  Omaha  in  1898,  the  Pan- 
American  Exposition  of  1901,  and  the  Charleston  Exposition  of 
1901-02.  The  returns  from  the  World's  Fair  in  Philadelphia  were  of 
greatest  extent,  comprising,  besides  the  collections  displayed  by  the 
United  States  in  illustration  of  the  animal  and  mineral  resources,  the 
fisheries,  and  the  ethnology  of  the  native  races  of  the  country,  valuable 
gifts  from  thirty  of  the  foreign  governments  which  participated,  as 
well  as  the  industrial  collections  of  numerous  manufacturing  and  com- 
mercial houses  of  Europe  and  America. 

7.  Exchanges  with  foreign  and  domestic  museums  and  with  indi- 
viduals. 

Inmiediately  preceding  the  Centennial  Exhibition  of  1876,  when  the 
collections  were  entirely  provided  for  in  the  Smithsonian  building, 
the  number  of  entries  of  specimens  in  the  Museum  record  books  was 
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H>K>ut  235,(H)0.  In  1884,  when  the  additional  room  afforded  hy  tlie  new 
building  gave  opj>ortunity  for  taking  a  provisional  census  of  the  larg(» 
a(*eessions  re^'eived  from  Philadelphia  and  from  other  sources,  the 
number  had  grown  to  1,471,000.  At  the  close  of  the  year  covered 
by  this  report  the  total  number  of  recorded  specimens  was  5,898,493. 
\\Tiile  these  figures  convey  no  impression  of  the  bulk  of  the  collec- 
tions, when  it  is  considered  that  by  1885  all  of  the  space  in  both  build- 
ings was  completely  filled,  and  in  fact  so  overcrowded  that  a  third 
building  was  already  being  asked  of  Congress,  some  conception  may 
be  had  of  the  conditions  now  existing.  The  storerooms  are  packed  to 
their  utmost  capacity,  making  it  difficult  to  gain  access  to  the  speci- 
mens or  to  provide  adequately  for  their  safety.  For  many  years  most 
of  the  objects  received  have  had  to  be  stored  in  outside  and  unsafe 
structures,  where  they  are  mainly  piled  up  in  the  original  packing 
l)oxes,  and  where  has  already  accumulated  enough  material  of  gre^t 
intrinsic  and  scientific  value  to  till  an  additional  building  as  large  as 
that  now  occupied  by  the  main  collections. 

AS   A   MUSEUM   OF   RESEARCH. 

In  order  to  permit  of  their  examination  and  study,  as  provided  in 
the  act  of  establishment,  the  collections  of  the  Museum  are,  to  the 
extent  of  its  accommodations,  arranged  systematically  and  in  a  manner 
convenient  for  reference.  Access  to  the  reserve  or  study  series,  so 
called,  consisting  of  the  main  body  of  the  collections  and  as  complete 
in  all  the  groups  as  the  accessions  have  made  possible,  is  given  to  all 
proper]}'  qualified  persons  engaged  in  original  research.  The  oppor- 
tunities thus  afforded  are  widely  availed  of,  the  Museum  l)eing  visited 
every  year  by  many  investigators,  some  of  world-wide  distinction, 
coming  from  the  scientific  centers  of  European  and  other  foreign 
countries,  as  well  as  from  all  parts  of  the  United  States.  Material  is 
also  occasionally  sent  out  to  representatives  of  other  institutions  hav- 
ing the  means  of  providing  for  its  safe-keeping,  when  required  in  the 
working  up  of  special  subjects,  or  for  comparison  in  connection  with 
their  own  collections. 

The  custodianship  of  the  collections  being  the  first  and  most  impera- 
tive duty  devolving  upon  the  scientific  staff  of  the  National  Museum, 
its  members  find  comparatively  little  time  during  office  hours  for 
advancing  knowledge,  though  they  are  mostl}^  well  qualified  for  such 
work,  l)eing  selected  with  special  reference  to  their  ability  to  identify 
and  classify  the  specimens  under  their  charge  in  accordance  with  the 
latest  researches.  As  a  matter  of  fact,  however,  the  staff  does  pro- 
duce every  >'ear  a  large  numlwM'  of  pai>ers  descriptive  of  the  collec- 
tions, which  together  constitute  an  important  contribution  to  scientific 
literature. 
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Among  the  honorary  oflBcers  having  their  laboratories  at  the  Museum 
are  a  number  of  assistants  employed  b}'  other  scientific  bureaus  to  con- 
duct investigations  on  material  kept  here  in  their  charge,  and  in  whose 
results  the  Museum  shares. 

Many  collections  have,  from  time  to  time,  been  transferred  by  the 
Geological  Survey,  the  Fish  Commission,  the  Department  of  Agricul- 
ture, and  other  branches  of  the  Government  to  the  custody  of  the 
Museum  in  advance  of  their  tinal  working  up,  in  order  to  provide  for 
their  safe  storage  and  to  secure  the  better  facilities  for  study  here 
afforded.  Under  this  arrangement  the  amount  of  research  work  car- 
ried on  in  the  Museum  building  has  been  greatly  increased. 

Though  having  little  means  to  exj>end  for  field  work,  members  of 
the  Museum  staff  are  occasional ly  given  opportunities  to  participate 
in  the  explorations  of  other  Government  bureaus  or  of  private  expe- 
ditions, in  connection  with  which  special  researches  may  be  carried  on, 
though  the  chief  advantage  results  from  the  actiuisition  of  new  and 
valuable  material  and  a  knowledge  of  the  conditions  under  which  it 
occurred  in  nature. 

AS   AN    EDUCATIONAL   MUSEUM. 

The  educational  side  of  the  Museum  is  intended  to  consist  mainly 
of  an  exhibition  of  all  the  classes  of  ol)jects  which  it  represents,  .so 
mounted,  installed,  and  labeled  as  to  directly  interest  and  instruct  the 
general  public.  The  principal  difficulty  incident  to  the  proper  instal- 
lation of  such  a  collection,  conceding  all  the  space  required,  lies  in  the 
selection  of  its  parts,  so  that  while  enough  is  displayed  to  convey  the 
amount  of  information  which  it  is  intended  to  impart,  the  visitor  shall 
not  be  overburdened  or  confused  with  details.  While  this  policy  is 
being  followed  in  the  National  Museum,  so  far  as  its  means  pennit, 
the  lack  of  room  has  always  prevented  a  complete  or  satisfactory 
development  of  the  plan,  and  every  succeeding  year  the  conditions  in 
this  respect  grow  worse  instead  of  better,  through  the  increased  crowd- 
ing of  the  halls.  The  advances  in  recent  years  have  been  chiefly  in 
the  methods  of  display,  in  the  chamcter  of  individual  and  group 
mountings,  and  in  the  labeling,  in  all  of  which  directions  exceptional 
progress  has  been  made. 

Three  years  ago  it  was  announced  that  all  of  the  halls  designed  for 
public  use  were  then  for  the  first  time  permanently  open,  though  none 
were  above  addition  or  improvement,  while  in  some  the  arnuigement 
was  entirely  provisional.  This  was  accomplished  onW  by  the  transfer 
of  large  quantities  of  material  to  outside  stomge,  but  it  has  unfortu- 
natel}^  been  again  neces.sary  to  shut  off  one  or  more  of  the  halls  from 
time  to  time,  in  order  to  furnish  increased  space  for  workrooms. 

In  this  connection  it  seems  appropriate  to  refer  to  the  work  of 
Doctor  Goode,  than  whom  no  museum  administrator  ever  had  a  better 


REPORT    OF    ASSISTANT    SECRETARY.  11 

understanding  of  the  puhlie  needs.  He  labored  earnestly  and  con- 
scientiously to  make  this  a  museum  for  as  well  as  of  the  people,  and 
the  plans  now  being  carried  out  are,  in  all  their  essential  features,  of 
his  making.  While  the  assistants  might  be  relied  upon  to  ari'ange  and 
maintain  the  study  series  in  a  manner  acceptable  to  the  st>ecialist,  the 
interests  of  the  public  always  remained  in  his  immediate  charge.  He 
was  ever  occupied  in  devising  ways  for  so  presenting  the  features  of 
nature  and  the  activities  of  mankind  that  by  the  very  force  of  his  sur- 
roundings the  visitor  was  bound  to  receive  and  carry  with  him  some 
definite  impression,  some  new  bit  of  knowledge.  Doctor  Goode's 
lat)ors  in  this  field  ranged  from  the  planning  of  the  general  scheme  to 
the  most  minute  details  of  case  architecture  and  fittings.  His  official 
connection  with  nearly  all  the  important  expositions  of  the  past  quar- 
ter of  a  century  and  his  exhaustive  studies  of  all  the  principal  museums 
of  Europe  and  the  United  States  gave  him  exceptional  opportunities 
for  observation  and  experiment.  Though  a  young  man  when  he  died, 
none  other  had  acquired  so  ripe  an  experience  and  none  is  more  worthy 
of  being  followed. 

An  incidental,  though  very  popular,  educational  feature  of  the 
Museum,  having  for  it^^  puipose  the  promotion  of  scientific  teaching 
throughout  the  country,  has  l)een  the  distribution  to  schools  and  col- 
leges of  its  duplicate  specimens,  properly  identified  and  labeled,  and 
put  up  in  carefully  selected  sets.  Inadequate  means  have  prevented 
this  measure  from  }>eing  carried  out  on  the  scale  which  the  resources 
of  the  Museum  would  admit  of,  but  many  hundreds  of  such  sets  have 
already  been  given  away. 

Scarcely  a  year  jmsses  that  some  exposition,  either  at  home  or 
abroad,  is  not  occup^'ing  the  attention  of  the  Museum,  and  through 
this  means  its  existence  and  aims  are  brought  constantly  and  promi- 
nently before  the  pul)lic.  These  expositions  have  of  \aU^  followed  one 
another  so  closel},  and  have  required  such  extensive  preparations,  as 
to  interfere  greatly  with  the  ordinary  work  of  the  Museum,  but  the 
practice  of  introducing  hew  and  varied  features,  of  showing  a  fresh 
series  of  objects  or  improved  groupings  in  connection  with  each  one, 
insures  a  sul)stantial  gain,  when  the  collections  are  returned  to  Wash- 
ington, besides  fulfilling  the  important  function  of  making  museum 
methods  known  to  the  people  of  the  United  States  and  stinuilating 
the  growth  of  nmseums  in  many  quarters. 

Though  mainly  technical  and  most  useful  to  the  investigator,  the 
publications  of  the  Museum  can  be  classed,  in  a  genemi  way,  as 
l>elonging  to  its  educational  side,  being  the  medium  through  which 
the  nature  and  extent  of  its  collections  are  made  known.  The  Annual 
Report,  first  printed  as  a  separate  volume  of  the  Smithsonian  Report 
in  1884,  and  now  in  its  twentieth  volume,  consists,  besides  the  admin- 
istrative part,  mainly  of  semipopular  papers  on  interestjng  goi^i^n^^of 
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the  collections.  The  Proceedinjjfs  and  Bulletins  are  almost  exclusively 
technical,  the  shorter  papers  being  assigned  to  the  former  and  the 
larger  and  more  exhaustive  works  to  the  latter.  Of  the  Proceedings 
twenty-four  complete  volumes  have  been  issued,  and  of  the  Bulletins 
fifty -two  numbers. 

THE   NEW^    MUSEUM    BUILDING. 

As  stated  in  the  last  report,  Congress,  in  its  session  of  1903,  had 
authorized  the  erection  of  an  additional  building  for  the  National 
Museum  at  a  cost  not  to  exceed  $3,5<)0,0(H),  and  the  Board  of  Regents 
had  appointed  a  committee  to  have  charge  of  this  important  work. 
The  superintendent  of  construction,  Mr.  Bernard  R.  Green,  had  been 
designated  in  the  act  of  Congress,  and  the  architects,  Messrs.  Horn- 
blower  &  Marshall,  who  prepared  the  tentative  sket(»bes,  had  l)een 
selected  by  the  Regents. 

By  the  close  of  that  year  the  architects  had  begun  upon  the  elabora- 
tion of  their  plans,  a  work  of  slow  progress,  since  the  building  is  not 
for  an  object  with  which  that  profession,  in  any  part  of  the  world,  has 
had  much  to  do.  There  is  no  fixed  pattern  to  follow,  but  it  is  hoped  to 
correct  some  of  the  faults  shown  in  buildings  heretofore  put  up  for 
the  same  purpose;  to  correct  them  all  is  beyond  expectation.  It  has 
been  the  task  of  the  Museum  expert  to  explain  his  needs;  it  is  now  for 
the  architect  to  express  them  in  a  definite  and  practical  form.  It  is 
expected  that  this  work  will  be  satisfactorily  accomplished,  and  a 
building  produced  meeting  the  requirements  of  science  and  the  arts, 
as  well  as  those  proposed  for  architectural  improvement  at  the  national 
C4ipitul. 

It  is  still  too  early  to  discuss  the  details  of  the  plans.  It  may  be 
said,  however,  that  the  building  will  be  effective  in  appearance,  sub- 
stantial, and  fireproof.  It  will  have  an  abundance  of  light  and  be 
well  ventilated  and  well  heated.  The  reserve  collections  and  the  labor- 
atories of  each  division  will  be  in  relatively  close  proximity  to  the 
corresponding  exhibition  collections,  insuring  convenience  of  study 
and  oversight.  Several  elevators  will  comiect  the  different  stories, 
and  the  comfort  of  visitors  will  be  fully  provided  for.  Congress  has 
called  for  plans  for  a  central  power  and  heating  plant  for  the  buildings 
on  the  Mall.  The  benefit^  of  such  a  feature  can  not  fail  to  be  appre- 
ciated, but  as  some  delay  must  occur  in  carrying  out  this  measure,  it 
is  expected  that  the  new^  Museum  building  will  need  to  have  its  own 
separate  plant  installed  in  the  l)asement  to  meet  at  least  its  preliminary 
wants. 

By  the  beginning  of  the  calendar  year  11*04  the  plans  had  been  suffi- 
ciently advanced  to  fix  definitely  the  main  lines,  the  general  dimensions, 
and  the  architectural  design,  though  requiring  still  further  study  to 
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harmonize  the  pai-ts  and  perfect  the  many  details.  At  this  stage  they 
were,  on  January  27,  approved  by  the  Secretary  of  the  Smithsonian 
Institution,  with  the  advice  and  consent  of  the  Chancellor  of  the  Insti- 
tution and  the  chairman  of  the  executive  committee,  as  provided  by 
th^  resolution  of  the  Board  of  Regents.  About  this  time  also  the 
expert  pei'sonal  services  of  Prof.  S.  Homer  Woodbridge,  of  the 
Massachusetts  Institute  of  Technology,  were  engaged  to  plan  the 
mechanical  equipment  of  the  building,  including  the  apparatus  for  its 
heating,  ventilation,  and  electric  lighting. 

The  excavation  for  the  building,  the  contract  for  which  had  been 
awarded  to  the  Cranford  Paving  Company,  of  Washington,  was  begun 
on  June  15, 1904.  The  lateness  of  the  season  precluded  the  holding  of  a 
formal  ceremony  on  that  occasion,  but  the  first  spadeful  of  earth  was 
turned  by  Secretary  Langley  in  the  presence  of  the  superintendent  of 
construction,  the  architects,  and  the  employees  of  the  Museum  and 
Institution.  Addressing  the  superintendent,  Mr.  Green,  the  Secretary, 
remarked: 

On  behalf  of  the  Regents  of  the  Smithsonian  Institution,  with  the  consent  of  the 
chancellor  and  of  the  chairman  of  the  executive  committee,  I  now  authorize  you, 
in  accordance  with  the  act  of  Congress,  to  proceed  with  the  construction  of  the  new 
building  for  the  United  States  National  Museum,  designed  to  increase  and  diffuse  the 
knowledge  of  the  arts  and  sciences  among  the  people. . 

The  site  of  the  building  was  also  inclosed  with  a  high  board  fence 
and  a  small  frame  structure  was  erected  as  the  headquarters  of  super- 
intendence. Immediately  following  the  excavation,  sometime  during 
the  summer,  the  work  of  building  the  foundations  will  be  l)egun. 

(iROWTH   AND   NEEDS   OF   THE   MUSEUM. 

On  preceding  pages  a  brief  history  and  a  summary  of  the  ()})]ects  of 
the  National  Museum  have  been  given.  Becoming  a  promiiient  fea- 
ture in  the  early  progrannne  of  the  Institution,  the  course  of  the 
Museum  ran  smoothly  as  long  as  there  was  room  for  its  development. 
Its  s(x>pe,  defined  by  the  organizing  act  of  Congress,  was  as  compre- 
hensive as  the  sphere  of  human  knowledge  in  so  far  as  could  be  com- 
passed by  Museum  methods.  In  the  beginning  its  collections  were 
practically  all  of  natural  history.  Then  appeared  ethnology  and 
archeology,  and  finally  the  Rvts  and  industries  jis  exemplified  in  the 
work  of  modefn  man.  In  fact,  the  Museum  building  proper  was 
intended  mainly  for  the  last-named  subjects.  So  rapid,  however,  has 
been  the  growth  of  the  collections  that  some  confusion  has  resulted  in 
their  arrangement,  and  their  appearance  at  present  is  no  criterion  of 
.the  wealth  of  the  Museum  or  of  its  scope  and  anticipations.  The 
Museum  has  l>ack  of  it  all  the  (lovcrninont  surveys,  whether  at  home 
or  abroad  —a  guamnty  of  the  value  of  sit  least  a  large  proportion  of  its 
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a((|uisitions.  It  has  many  friends,  some  the  owners  of  large  and 
important  collections,  who  have  come  to  recognize  that  in  an  institu- 
tion founded  by  the  Government  for  all  time  their  specimens  will  be 
not  only  perpetually  and  securely  cared  for,  but  also  at  the  service  of 
every  specialist  who  needs  to  consult  them.  Officials  of  the  Govern- 
ment detailed  for  duty  in  the  new  possessions,  rich  in  novelties  of 
nature  and  of  culture,  are  giving  thought  to  the  wants  of  their  National 
Museum.  By  means  of  the  duplicates,  set  aside  as  collections  are 
worked  over,  exchanges  are  made  with  other  museums,  whereby 
important  additions  are  obtained.  The  exhibition  collections  in  some 
branches,  notably  the  historical,  owe  many  of  their  most  attractive 
features  to  loans.  These  are  not  the  property  of  the  Museum  and  may 
only  remain  in  its  possession  for  short  periods;  but  the  spirit  of  liber- 
ality in  this  direction,  long  manifested,  is  growing  steadily,  until  of 
late  it  has  sometimes  been  necessary  to  decline  important  deposits  on 
account  of  lack  of  room.  This  difficulty  will  be  overcome  upon  the 
completion  of  the  new  building,  whose  greater  accommodations  and 
improved  facilities  will,  it  is  hoped,  prove  an  additional  incentive  to 
the  possessors  of  collections,  large  or  small,  which  may  be  instructive 
to  the  people. 

In  appropriating  for  the  large  expositions,  of  which  many  have 
been  held  in  recent  years,  there  has  been  a  general  understanding  on 
the  pai-t  of  (Congress  that  from  the  allotment  to  the  National  Museum 
the  Museum  shall  gain  something  of  permanent  value.  By  judicious 
management,  though  the  amounts  have  been  small,  the  Museum  has 
secured  many  uniijue  specimens  which  it  could  not  have  obtained  in 
any  other  wa}^  at  its  command.  With  several  of  the  larger  museums, 
which  are  well  supplied  with  funds,  it  is  customary  to  send  out 
exploring  expeditions  even  to  distant  regions,  and  some  of  these 
investigations  are  conducted  on  a  very  extensive  scale.  They  are  an 
important  source  of  collections  as  well  as  of  information,  but  the 
National  Museum  has  neither  the  funds  nor  a  sufficiently  large  staff 
to  engage  in  such  work  except  on  a  very  small  scale,  generally  in 
connection  with  one  or  other  of  the  Government  surveying  expedi- 
tions, and  with  the  object  of  obtaining  material  which  these  surveys 
do  not  collect. 

There  is  one  method  of  obtaining  collections  in  which  the  National 
Museum  has  been  weak,  while  by  such  means  all  of  the  larger 
museums  of  the  world,  whether  national,  nmnicipal,  or  private,  have 
acquired  a  large  proportion  of  their  treasures.  This  is  in  the  direct 
expenditure  of  money  for  pur<*htuses.  The  imiK)rttmce  of  this  method 
is  not  realized  l)v  C/Ongress,  though  it  might  be,  were  the  matter^ 
given  thorough  consideration  and  were  the  proper  relations  of  the 
Museum  to  those  bureaus  of  the  (lovernmeiit  which  are  charged  by 
Congress  with  the  investigation  of  agricultural,  mining,  fishery,  and 
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other  like  problems,  better  understood.  The  specimens  resulting 
from  all  Gov^ernment  surveys  and  investigations  are  transferred  to  the 
National  Museum  as  soon  as  the  studies  upon  them  are  completed. 
The  Museum  is,  therefore,  the  depository  for  all  Oovernment  collec- 
tions. Those  who  wish  to  consult  them,  whether  in  the  Government 
employ  or  strangers  to  it,  must  come  to  the  Museum.  It  is,  there- 
fore, to  be  concluded  that  the  National  Museum  is  not  a  passive  bod}', 
but  one  most  actively  concerned  in  the  development  of  the  welfare  of 
the  country.  Yet,  in  a  general  way,  the  investigators  of  practical 
problems  for  the  Government  find  here  only  what  they  themselves 
have  collected.  They  need  more  complete  series  of  objects  in  order 
that  their  studies  may  be  more  complete,  and  at  least  for  the  benefit 
of  the  industries  of  the  country  the  gaps  in  the  series  should  be  filled 
up  as  opportunity  offers.  An  expert  set  to  work  upon  a  problem  of 
far-reaching  economic  importance  requires  to  have  before  him  all  the 
material  possible,  that  nothing  bearing  upon  his  subject  shall  escape  his 
observation.  It  is  the  province  of  a  large  central  museum  to  possess 
these  extended  collections,  classified  and  arranged  so  that  they  may  at 
all  times  be  accessible. 

The  curio  shop  of  old  has  given  way  to  the  modern  museum,  with 
its  definite  purpose  based  upon  experience  and  the  advance  of  knowl- 
edge during  many  years.  While  the  purpose  may  vary  in  a(*cordance 
with  the  character  and  advantages  of  a  museum,  none  can  doubt  that 
it  should  be  the  primary  object  of  a  great  national  museum  like  the 
one  at  Washington  to  subserve  the  needs  of  the  (Tovernment,  to  do  a 
large  part  toward  promoting  the  material  interests  of  the  people. 

It  is  in  this  spirit  and  with  these  objects  in  view  that  appropriations 
are  asked  for  the  purchase  of  such  specimens  as  can  not  be  acquired 
in  other  ways.  To  approach  perfection  in  the  rounding  out  of  collec- 
tions is  in  itself  naturally  very  gratifying,  but  to  do  this  for  the  pur- 
pose of  benefiting  the  pi-actical  investigations  of  the  Government  is 
the  chief  aim  of  the  National  Museum.  Private  collectors  and  students 
have  spent  their  lives  in  bringing  together  special  collections  which 
are  often  far  more  perfect  than  can  be  obtained  through  the  means  sup- 
plied by  the  Government,  and  rare  and  unique  objects  of  exceeding 
value  fall  into  the  hands  of  individuals.  The  National  Museum  should 
have  the  means  of  acquiring  such  of  these  as  are  required  for  the  pur- 
poses of  the  Government,  and  all  this  with  the  understanding  that 
the  Museum  is  only  a  part  of  the  system  organized  by  the  Government 
for  improving  the  condition  of  its  i)eople. 

The  collections  are  separated  into  practically  two  series,  the  so-called 
reserve  or  working  series  being  arranged  for  the  convenience  of  inves- 
tigators, while  for  the  instruction  and  entertainment  of  the  public 
ample  provision  is  made  here  as  elsewhere,  much  more  room,  in  fact, 
having  l)een  allotted  to  this  than  to  other  purposes.     Thfi4e  is,  of 
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course,  a  limit  beyond  which  any  display  becomes  bewildering  and 
tiresome,  but  that  point  has  not  yet  been  reached  in  this  Museum. 
The  exhibition  collections  comprise  selections  from  all  the  branches 
represented,  and  only  enough  from  each  to  serve  the  desired  purpose. 
In  some  branches,  however,  like  history,  nearl}^  all  the  material  objects 
are  appropriate  for  exhibition  and  find  their  most  appreciative  critics 
among  the  general  public.  In  other  bi-anches,  moreover,  there  are 
many  large  object^s  which  can  best  be  cared  for  in  the  exhibition  halls, 
and  are,  therefore,  nearly  always  seen  there. 

A  third  division  of  the  collections,  one  prepared  for  geneml  teachers 
and  young  students,  as  suggested  by  Dr.  F.  A.  Bather,  of  the  British 
Museum,  might  readily  be  arranged  when  additional  room  becomes 
available,  but  there  is  less  need  for  such  in  this  country  than  seems  to 
be  the  case  abroad,  since  nearlv  all  the  schools  and  colleges  throughout 
the  United  States  have  their  own  collections,  especially  of  natural 
history,  supplied  in  part  from  the  duplicates  in  the  national  collections. 

It  will  thus  be  seen  that  the  collections  which  come  to  the  National 
Museum  are  being  utilized  to  the  fullest  extent  and  in  a  most  libei*al 
manner.  The  reserve  series,  comprising  the  specimens  which  have 
already  been  worked  up  and  are  held  as  records  of  past  investigations, 
together  with  those  which  still  remain  to  be  studied,  constitute  the 
technically  important  part  of  the  Museum,  and  alone  justify  its  exist- 
ence. The  public  collections,  however,  take  the  greatest  amount  of 
space,  require  the  largest  expenditure  of  money,  and  demand  the 
most  ingenuity  in  their  selection  and  arrangcTuent.  There  remain 
the  duplicates,  onh'  known  to  be  such  as  the  work  of  classification 
proceeds,  which  serve  the  double  purix)se  of  securing  valuable  returns 
through  exchange  and  of  promoting  education  by  their  gratuitous 
distribution  to  schools  and  colleges.  The  amount  of  material  used 
for  the  latter  purjiose  since  this  practice  was  established  over  half  a 
century  ago,  has  been  very  great. 

The  greatest  discrepancy  to-day  in  the  administration  of  the  Museum 
results,  how^ever,  from  an  insuflicient  staff,  not  as  regards  efficiency 
but  numbers.  Only  one  who  has  had  to  do  with  the  management  of 
such  a  large  trust  can  fully  appreciate  the  significance  of  this  state- 
ment, and  those  clothed  with  power  to  correct  this  condition  have  not 
yet  come  to  thoroughly  understand  the  importance  of  the  matter. 
The  responsibilities  in  administering  upon  a  national  museum  of  this 
great  and  free  countr}'  are  probably  much  heavier  than  those  in  any 
other  land.  The  policy  recognized  in  every  branch  of  the  Govern- 
ment of  the  United  States,  and  sjinctioned  by  Congress,  is  to  do 
for  the  people  whatever  is  possible.  This  (iovernment  is  doing  for  its 
people  what  no  other  government  has  ventured  to  attempt,  and  the 
result  is  a  condition  of  extreme  prosperity  and   contentment.      And 
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is  no  share  of  credit  for  this  condition  to  be  given  to  the  National 
Museum?  It  plays  an  important  part  in  this  great  programme  of 
which  it  is  supremely  proud,  and  while  Congress  may  not  yet  fully 
realize  what  it  accomplishes  in  this  respect,  the  public  does,  and 
demands  more  than  it  can  perform. 

For  the  conduct  of  its  technical  work  the  Museum  is  able  to  employ 
less  than  85  persons  of  all  grades.  Nearly  as  many  more  employees 
of  the  Government  give  as  much  of  their  time  as  can  be  spared  in  the 
interest  of  the  classification  of  the  collections  and  their  supervision. 
For  the  proper  installation  and  maintenance  of  the  exhibition  collec- 
tions, in  which  Congress  places  nuich  store,  further  skilled  help  is 
required,  and  a  supervision  which  has  long  been  inadetjuate.  The 
force  of  watchmen  employed  for  the  safety  of  the  collections,  both  by 
day  and  night,  would  be  scarcely  equal  to  the  task  of  protecting,  under 
the  same  circumstances,  even  the  contents  of  a  large  jewelry  store. 
The  Museum  contains  objects  whose  intrinsic  value  mounts  into  the 
hundreds  of  thousands  of  dollars,  many  of  which  are  so  small  that 
several  could  be  carried  away  in  a  man's  pocket.  In  a  jewelr}^  estab- 
lishment the  valuables  are  packed  away  each  evening  in  large  safes. 
Such  a  course  is  impossible  in  the  Museum,  owing  to  the  number  of 
its  treasures.  They  must  be  left  in  the  cases,  and  yet  the  appropria- 
tions permit  of  so  small  a  force  of  watchmen  that  they  are  kept  under 
great  and  constant  strain  to  prevent  the  abstraction  of  what  could 
never  l>e  replaced. 

Beginning  years  ago  Congress,  in  the  interest  of  their  constituents, 
looked  to  the  Museum  for  the  analysis  of  mining  products  and  for  the 
identification  of  objects  of  every  kind.  These  demands  have  increased 
rapidly,  and  their  satisfai'tion  has  always  been  regarded  as  within  the 
legitimate  province  of  the  Museum.  The  fact,  however,  is  not  appre- 
ciated that  work  of  this  character  requires  the  attention  of  trained 
experts,  and  the  time  of  the  scientific  staff  is  largelv  occupied  in 
complj'ing  with  such  requests.  In  preparing  the  letters  of  reply,  in 
registering  the  specimens  received,  in  cataloguing,  in  taking  down 
the  notes  of  investigators,  in  arranging  and  keeping  track  of  the 
collections,  a  comparatively  large  intelligent  clerical  force  is  required. 
In  the  preparation  of  duplicate  collections,  in  the  shipping  and  receiv- 
ing room,  in  the  libi'ary,  in  the  making  of  cases  and  the  installation  of 
specimens,  in  the  keeping  clean  of  all  the  large  halls,  there  must  be 
help,  and  at  the  minimum  this  is  no  small  item. 

The  U.  S.  National  Museum  is  like  no  other  museum  in  this  country, 
and  it  has  no  parallel  in  the  world.  Elsewhere,  with  few  exceptions, 
museums  exist  solely  for  w^hat  may  be  termed  museum  purposes.  They 
promote  science  and  they  promote  the  arts.  Many  are  powerful  factors 
in  e<lucation  and  in  the  improvement  of  industries.     The  U.  S.  National 
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Museum  attempts  to  do  the  sauie  within  the  limits  of  its  scope,  but  it  has 
an  added  function  in  that  it  shares  a  part  of  the  executive  work  of  the 
Government.  The  correspondence  with  members  of  Congress  and  with 
the  Executive  Departments  is  very  large,  but  not  nearly  as  extensive 
as  that  with  the  public,  and  all  is  supposed  to  relate  to  business  on  which 
the  Museum  only  is  in  a  position  to  furnish  information.  The  fre- 
quent expositions  also  greatly  increase  the  burden  of  work,  for,  though 
special  appropriations  are  made  for  them,  it  is  necessary  to  call  upon 
the  skilled  employees  of  the  Museum  to  a  large  extent.  This  means 
that  a  proportionately  larger  force  is  required  than  in  museums  gener- 
ally, and  the  increase  is  as  necessary  outside  as  within  the  scientific 
staff. 

It  is  not  to  be  expected  that  a  complete  staff  will  ever  be  within  the 
means  of  the  Museum — that  is  to  say,  a  staff  sufficient  to  do  especially 
all  the  classificatory  work  required.  Such  a  staff  hfas  nowhere  been 
assembled.  In  a  proper  organization,  however,  there  should  be  an 
adequate  number  of  experts,  some  at  least  of  the  highest  rank,  to  con- 
trol and  supervise  the  several  subjects  represented.  In  this  respect 
the  National  Museum  is  now  far  below  the  standard.  The  members 
of  its  staff,  while  acting  as  custodians  of  the  collections,  should  be 
competent  to  assist  extensively  in  their  classification,  should  appre- 
ciate their  value  and  significance,  and  should  have  the  faculty  of 
keeping  order,  so  that  any  specimen  in  their  care  can  readily  be  found. 

The  classification  of  collections  nmst  always  be  largely  done  by  out- 
siders, the  result  of  the  specialization  of  study,  and  this  is  the  course 
now  almost  universally  pursued  as  a  matter  of  necessity  when  large 
collections  are  being  worked  up.  In  accordance  with  this  plan,  the 
National  Museum  has  now  many  experts  at  work  on  special  parts  of 
its  collections,  most  of  them  connected  with  institutions  in  the  L^nited 
States,  but  some  abroad.  In  this  way  the  collections  are  being  classi- 
fied in  the  most  accurate  manner  possible.  When  they  are  returned 
to  Washington  they  need  the  same  oversight  as  before,  but  their 
value  has  been  enhanced  })y  the  fact  that  the  specimens  are  no  longer 
an  uncertain  quantity. 

Other  parts  of  the  V)usiness  of  the  Museum  can  not  be  carried  on  in 
the  same  way  the  administration,  tlie  corresix)ndence,  the  care  of 
the  collections  and  their  installation  for  reference  or  exhibition,  the 
watch  service,  the  skilled  help  in  the  mechanical  departments  and  in 
the  preparation  of  specimens,  and  the  labor  required  to  keep  the 
buildings  clean,  to  do  the  moving  and  lifting  and  to  assist  in  every 
branch  of  work — the  workers  in  these  directions  can  not  be  omitted 
from  the  staff,  nor  can  their  labor  be  perfonned  by  volunteer  assistance. 

Among  other  important  needs  of  the  Museum  are  means  for  main- 
taining its  library  on  a  better  basis.  The  library  is  purely  technical, 
having  no  other  use  than  to  provide  for  the  working  up  of  the  collec- 
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tions,  but  the  small  annual  appropriation  ^iven  for  this  purpose  is 
inadequate  even  to  provide  the  current  literature  on  the  necessary 
subjects,  though  the  freest  use  be  made  of  the  Library  of  Congress. 

There  is  still  another  subject  to  which  it  is  desirable  that  reference 
should  be  made — the  extension  of  the  hours  of  opening  the  buildings 
to  the  public  so  as  to  include  Sundays  and  evenings.  A  change  in  this 
direction  would  be  of  inestimable  value  to  the  working  people  as  well 
as  to  visitors  to  the  capital,  and  the  extra  expense  would  be  small. 

The  writer  desires  to  call  attention  in  this  connection  to  the  part 
now  being  taken  by  the  Museum,  in  conjunction  with  the  parent  insti- 
tution and  its  other  bureaus,  at  the  Louisiana  Purchase  Exposition. 
The  Museum  has  had  a  long  experience  in  matters  of  this  kind,  begin- 
ning with  Philadelphia  in  1876,  and  it  is  therefore  to  be  expected  that 
some  improvement  would  be  shown  at  each  succeeding  exposition. 
The  display  at  the  St.  Louis  Fair  now  in  progress  is  more  noteworthy 
than  anything  that  has  preceded  it,  both  in  the  novelty  of  the  objects 
exhibited  and  in  the  perfection  and  attractiveness  of  the  installation, 
which  have  already  elicited  much  praise- 
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YEAR. 


APPROPRIATIONS   AND   EXPENDITURES. 


The  total  amount  appropriated  by  Congress  for  the  maintenance  of 
the  National  Museum  during  the  year  ending  June  80,  1904,  was 
$269,400,  as  against  $281,400  for  the  previous  year.  The  decrease 
was  due  to  the  omission  of  the  appropriation  of  $7,000  for  publishing 
the  ''Contributions  from  the  U.  S.  National  Herbarium,"  and  to  the 
fact  that  there  was  no  necessity  for  renewing  the  item  of  $5,000 
appropriated  the  previous  year  for  the  preparation  of  preliminary 
plans  for  an  additional  Museum  building.  A  special  appropriation  of 
$250,000  was  made  as  the  first  installment  of  the  cost  of  this  building. 

The  expenditures  up  to  the  close  of  the  year  from  the  appropria- 
tions for  1908-4  amounted  to  $254,286. 59,  lea  vinga  balance  of  $15,113.41 
to  meet  outstanding  liabilities.  During  the  same  year  $22,479.50 
were  disbursed  from  the  balance  of  $28,408.14  of  the  appropriation 
for  1902-8,  on  hand  July  1,  1908. 

The  following  tables  show  the  expenditures  during  the  yeiir  1908-04, 
under  each  item  of  appropriation: 

AppToprialicms  and  expendilurea  for  the  fiscal  year  ending  June  SOy  1904. 


Object. 


Appropria- 
tions. 


Preservation  of  collections $180, 000. 00 

Pumiture  and  fixtures 22, 500. 00 

Heating  and  lighting 18, 000. 00 

Building  repairs j  15,000.00 

Books,  pamphlets,  and  periodicals 2,000.00 

Purchaiie  of  specimens 10, 000. 00 

Rent  of  workshops '  4, 400. 00 

Portage 500. 00* 

Printing  and  binding |  17, 000. 00 

Total 269,400.00 


Expendi- 
tures. 


«173,860.01 
19,068.02 
17.184.42 
12,531.68 
1,227.60 
8,517.73 
4,399.92 
500.00 
16,997.21 


Balance 

June  30, 

1904. 


86,139.99 

3,431.98 

815.58 

2,468.32 

772.40 

1,482.27 

.08 

2.79 


254,286.59  I      16,113.41 
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Dishmrseynents  from  unexpended  balances  of  appropriations  for  the  fiscal  year  ending  June 

SO,  190S, 


Object. 


Preservation  of  collections 

Furniture  and  fixtures 

Heating  and  lighting 

Building  repairs 

Books,  pamphletH,  etc 

Purchase  of  specimens 

Rent  of  workshops 

Publishing  contributions  from  National  Herbarium . 
Plans  for  additional  building 

Total ; 


Balance 

June  80, 

1903. 

Expendi- 
tures. 

99,196.97 
1,683.66 
1,960.77 
1,470.95 
556.86 
3,650.51 

Balance 

June  80, 

1904. 

99,597.20 

1,696.24 

1,962.63 

1,528.97 

606.62 

4,000.69 

.08 

8,972.51 

43.20 

9400.23 
12. 5h 
11.86 
68.04 
49.76 
850.18 
.08 

3.969.80 

2.71 
43.20 



23,408.14 

22,479.60 

928.64 

Disbursements  from  the  appropriation  for  1901-02  were  made  as 
follows:  Preservation  of  collections,  $100.52;  books,  pamphlets,  and 
periodicAls,  $165.89;  purchase  of  specimens,  $20,  leaving  balances  of 
$58.64,  $32.38,  and  $35.26,  respectively.  These  balances,  together 
with  unexpended  balances  of  the  appropriation  for  furniture  and 
fixtures,  heating  and  lighting,  building  repairs,  construction  of  gal- 
leries and  rent  of  workshops,  amounting  to  $161.43,  have  reverted  to 
the  surplus  fund  of  the  Treasury. 

The  regular  appropriations  for  the  fiscal  year  ending  June  30,  1905, 
are  as  follows: 

Furniture  and  fixtures $22,500 

Heating  and  lighting 18,000 

Preservation  of  collections 180, 000 

Books,  pamphlets,  and  periodicals 2, 000 

Building  repairs 15, 000 

Rent  of  workshops 4, 580 

Postage 500 

Printing  and  binding 25,000 

Total 2«7,580 

It  will  be  observed  that  the  item  for  printing  and  binding  has  been 
increased  from  $17,000  to  $25,000,  and  that  for  rent  of  workshops 
from  $4,400  to  $4,580;  while  the  appropriation  of  $10,000  for  the 
purchase  of  specimens  has  been  omitted.  With  these  exceptions  the 
appropriations  are  the  same  as  for  the  fiscal  year  1904. 

BUIL,I)INGS. 

The  progress  made  toward  the  construction  of  an  additional  building 
for  the  National  Museum  has  been  described  in  a  previous  pai*t  of  this 
report.  The  architects'  plans  had  advanced  so  far  that  actual  work 
upon  the  site  was  possible  by  June  15,  1904,  on  which  date  the  excava- 
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tion  of  the  ground  was  a;tarted.  The  building  of  the  foundations  will 
follow  next,  and  should  be  completed  before  winter. 

The  very  unsatisfactory  condition  of  the  roof  of  the  present  Museum 
building  has  been  repeatedly  referred  to,  and  attention  has  also  been 
called  to  the  fact  that  any  repairs  which  can  now  be  made  will  be 
essentially  temporary,  since  the  supporting  iron  framework  over  the 
main  halls  lacks  sufficient  strength,  and  the  slate  covering  can  not  be 
made  entirely  tight,  whereby  leaks  occur  where  least  expected,  damag- 
ing the  walls  and  at  times  even  defacing  the  cases.  The  difficulty  with  the 
slate  results  largely  from  the  contraction  and  expansion  of  the  frame- 
work, due  to  changes  in  temperature,  and  heavy  falls  of  snow  have  also 
i*aused  parts  of  the  iron  structure  to  buckle. 

The  faulty  character  of  the  roof  is  undoubtedly  due  to  the  cheap 
manner  in  which  it  was  originally  constructed.  The  only  remed}' 
seems  to  be  the  substitution  of  a  new  roof,  at  least  over  the  large  halls, 
courts,  and  rotunda.  Such  an  extensive  repair  i>!  impracticable  at  this 
time,  or  until  the  new  building  is  finished,  as  there  is  no  place  in 
which  the  collections  could  be  stored.  In  the  meantime,  however,  with 
the  aid  of  experts,  strong  efforts  are  being  made  to  render  the  roofs 
effective  for  a  few  years  longer  without  the  necessity  for  constant  and 
unavailing  attention.  The  work  was  started  during  last  year  and  will 
be  continued  during  the  present  one. 

The  area  of  tin  roofing  around  the  rotunda  and  over  the  eight 
ranges,  which  had  greatly  deteriorated,  was  thoroughl}"^  repaired, 
all  imperfect  tin  being  replaced  and  many  seams  resoldered.  The 
rotunda  roof  was  extended  down  over  the  old  top  gutters  and  new 
overhanging  gutters,  and  down  spouts  were  added.  The  slate  roof 
over  the  east  hall  was,  as  an  experiment,  covered  with  a  coating  of 
Bermuda  asphalt,  burlap,  and  slag,  intended  to  fill  the  interspaces 
between  the  slates  and  to  present  an  unbroken  surface  for  carrying  off 
the  water.  Up  to  the  time  of  writing,  this  expedient  seems  to  have 
answered  its  purpose  well,  and  should  it  continue  to  do  so,  the  other 
slate  roofs  will  be  treated  in  the  same  way.  The  work  about  the  roof 
has  also  included  repaii's  to  the  skylights  and  to  clear-story  and  rotunda 
windows,  the  insertionu)f  ventilator  frames  in  many  of  these,  and  the 
addition  of  skylights  over  two  of  the  ranges,  made  necessary  by  the 
construction  of  galleries. 

The  dilapidated  platform  in  front  of  tlie  main  entrance  has  been 
replaced  with  one  of  mosaic,  consisting  of  large  irregular  marble  frag- 
ments, and  the  steps  and  side  coping  have  been  reset. 

The  repairs  in  the  interior  of  the  Museum  building  have  been  chiefly 
of  a  minor  character,  though  in  the  aggregate  extensive.  They  have 
related  mainly  to  the  floors  and  to  the  walls  and  ceilings.  The  sten- 
ciling of  the  rotunda  walls,  which  had  been  deferred  until  the  roof  of 
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this  part  of  the  building  had  ])eeii  made  more  secure,  was  also  in  prog- 
ress at  the  close  of  the  year. 

Many  persistent  leaks  al>out  the  roof  of  the  Smithsonian  building, 
which  previous  repairs  had  not  corrected,  were  found  to  be  mainly 
due  to  the  imperfect  condition  of  the  old  tin  gutters  and  down  spouts, 
which  were  repiired  during  the  year,  copper  being  generally  substi- 
tuted where  a  renewal  of  material  was  necessary. 

Reference  has  been  made  in  earlier  reports  to  the  unsafe  condition 
of  the  plastering  in  Archeological  Hall,  which  began  to  show  innumer- 
able large  cmcks  several  years  ago.  At  times  small  pieces  of  the 
plaster  would  fall,  but  in  September,  1902,  several  such  large  masses 
gave  way  from  the  ceiling  as  to  damage  the  cases  underneath  and 
emphasize  the  fact  that  the  hall  should  be  closed  to  the  public.  It  was 
only  during  the  past  3' ear  that  the  damage  could  be  repaired,  and*  this 
necessitated  a  very  considerable  undertaking.  The  entire  area  of 
plaster  was  carefully  tested  and  all  loose  parts  were  removed.  The 
bare  places  were  carefully  pointed  up,  but  the  plaster  cornices  of  the 
large  central  panels  were  replaced  by  others  of  galvanized  iron,  as 
being  the  cheaper  method.  Subsequently  the  room  was  painted  in 
water  color,  the  walls  green,  the  ceiling  in  light  tints  of  green  to  ivory. 
This  extensive  repair  greatly  disturbed  the  arrangement  of  the  arche- 
ological collections,  and  a  considerable  period  will  be  re(|uired  for  tte 
renovation  of  the  cases  and  the  reinstallation  of  their  contents. 

The  number  of  cases  made  during  the  year  was  212,  the  number  of 
specimen  drawers  3,87S,  these  having  been  chiefly  required  for  the 
stonige  and  arrangeuKMit  of  collections  received  from  Government  sur- 
veys. A  large  part  of  the  work  done  under  the  head  of  ''Furniture 
and  fixtures,"  however,  has  consisted  in  the  repair  and  renovation  of 
cases;  the  making  and  inserting  of  fittings  in  the  exhibition  cases, 
including  the  shelving  and  their  supports,  and  the  tablets  and  other 
devices  on  which  the  specimens  are  mounted;  the  more  extensive 
supports  for  the  mounting  of  large  exhibits,  such  as  recent  and  fossil 
vertebrates  and  ethnological  and  archeological  objects;  the  making  of 
label -holders  and  the  painting  of  large  labels  and  signs  for  the  cases 
and  halls,  and  the  construction  of  laboratory  and  office  furniture. 

Rearrangements  in  certain  parts  of  the  building  have  necessitated  a 
few  readjustments  of  the  electric-light  wiring,  and  there  have  been 
some  minor  extensions  of  this  system  into  storerooms  and  laboratories 
not  previously  so  provided.  A  small  electric  motor  has  also  been 
installed  in  the  geological  workshops  in  the  Emery  building. 

The  high-pressure  steam  boilers  placed  in  the  Museum  building  in 
the  summer  of  1901  have  continued  to  give  satisfaction.  From  this 
source  both  of  the  large  buildings,  as  well  as  the  several  smaller  ones 
adjacent,  are  now  heated.  There  has  been  the  usual  amount  of  repairs 
in  connection  with  the  heating  apparatus,  and  it  has  been  found  neces- 
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sary  to  increH^e  the  number  of  radiators  in  some  of  the  halls.  Steam 
was  first  mised  in  the  boilers  on  October  10,  1908,  and,  with  some 
interruptions,  continued  to  be  maintained  until  May  3,  19<)4. 

The  tire  apparatus  was  thoroughly  overhauled  during  the  year  and 
its  condition  greatly  improved.  Some  of  the  extinguishers  of  old  pat- 
tern were  replaced  by  others  of  more  recent  make  and  more  effective 
character. 

The  amount  of  labor  involved  in  maintaining  the  cleanliness  of  the 
buildings  can  scarcely  be  appreciated  except  by  those  who  have  the 
matter  in  charge.  Twenty-two  exhibition  halls,  mostly  of  large  size 
and  many  containing  galleries,  and  89  laboratories,  office  rooms,  toilet 
rooms,  etc..  require  to  be  swept  and  dusted  every  morning,  and,  for 
the  most  part,  before  9  o'clock.  In  this  enumeration  is  not  included 
the  outside  buildings.  The  number  of  regular  laborers  and  cleaners 
amounts  to  only  22,  and  these  same  men  are  also  fully  occupied 
throughout  the  dav  on  other  matters.  The  number  of  exhibition 
cases  of  which  the  glass  has  to  be  kept  clean  and  the  woodwork  free 
from  dust  is  over  1,300. 

ADDITIONS   TO   THE   COLLECTIONS. 

The  National  Museum,  as  the  legally  constituted  depository  for  the 
science  and  art  collections  of  the  Government,  has  as  its  most  constant 
and  important  sources  of  supply  the  national  surveys  and  explorations, 
such  as  are  conducted  by  the  Geological  Survey,  the  Bureau  of  Fish- 
eries, the  Biological  Survey  and  Bureaus  of  Entomology  and  Plant  In- 
dustry of  the  Department  of  Agriculture,  and  the  Bureau  of  American 
Ethnology  of  the  Smithsonian  Institution.  But  these  are  not  the  only 
Government  branches  which  conduct  explorations.  The  Departments 
of  War  and  of  the  Navy  sent  out  many  important  expeditions  during 
the  eiirly  and  middle  part  of  the  laiit  century,  and  in  connection  with  the 
recent  acquisition  of  new  territory  they  have  again  furnished  the  oppor- 
tunity for  securing  valuable  collections.  Interesting  objects  are  also 
sent  home  from  time  to  time  by  members  of  the  consular  service  of 
the  State  Department.  A  large  part  of  the  additions  to  the  Museum 
are,  however,  received  from  individuals  and  private  establishments, 
through  donation  and  exchange,  and  the  exhibition  series  derives 
many  of  its  attractive  features  from  loans  or  deposits.  Field  collect- 
ing by  members  of  the  Museum  staff  is  almost  prohibited  by  the 
scarcity  of  funds,  and  the  acquisition  of  specimens  by  purchase  is 
seriously  restricted  because  of  the  small  appropriation  for  that  purpose. 

Appendix  II  of  this  report  contains  a  complete  list  of  the  accessions 
for  the  year,  and  the  more  noteworthy  are  described  in  the  reports  of 
the  head  curators. 

The  number  of  separate  lots  of  material  received  during  the  year 
was  1,703,  as  against  1,643  in  1903,  aggregating  about  241,527  speci- 
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nien.s  and  thereby  increasing  the  total  number  of  specimens  recorded 
in  all  of  th<»  departments  to  approximately  5,898,498.  Of  these,  nearly 
4,200,000  belong  to  the  Department  of  Biolog^y,  about  975,000  to 
Anthropology,  and  about  730,000  to  (leology. 

The  additions  in  anthropology  during  1904  numbered  19,121  speci- 
mens, of  which  the  more  important  were  many  carefully  selected 
objects  obtained  by  Dr.  W.  L.  Abbott  among  the  natives  of  the 
Malay  Peninsula,  northern  Sumatra,  and  the  Mentawei  Archipelago. 
These,  in  conjunction  with  the  previous  generous  contributions  of 
Doctor  Abbott  from  the  same  and  other  parts  of  southern  Asia,  con- 
stitute an  exceedingly  valuable  and  unique  feature  of  the  ethnological 
collections,  and  are  now  being  used  as  the  basis  for  a  monogmphic 
report  by  Professor  Mason  and  Doctor  Hough.  The  same  explorer 
also  sent  material  bearing  upon  the  physical  characteristics  of  the 
Moros,  and  of  apes  and  monkeys. 

Dr.  E.  A.  Mearns,  U.  S.  Army,  who  has  continued  his  scientific 
work  while  on  duty  in  the  Philippine  Islands,  presented  an  especially 
interesting  collection  made  by  him  personally  during  a  campaign 
against  the  Moros  of  Mindanao.  It  is  rich  in  weapons,  basketry,  and 
tine  brass  work.  Another  Moro  collection,  received  as  a  loan  from 
Dr.  R.  B.  Grub}>s,  also  of  the  United  States  Army,  consists  of  edged 
w^eapons,  spears,  armor,  costumes,  and  other  specimens  of  the  handi- 
work of  those  people.  Several  native  Philippine  Island  firearms  were 
presented  by  the  President  of  the  United  States. 

Two  totem  poles  and  four  house  posts  of  large  size  and  excellent 
workmanship,  taken  from  a  Tlinkit  village,  were  obtained  through 
Dr.  George  A.  Dorsey,  of  the  Field  Columbian  Museum,  and  a  valu- 
able lot  of  art  objects  from  southwestern  Alaska,  consisting  of  carved 
clubs,  embroidered  blankets,  figures,  knives,  etc.,  through  Lieut.  G.  T. 
Emmons,  U.  S.  Navy.  Some  important  additions  were  made  to  the 
already  large  collections  of  Indian  basketry,  musical  instruments,  and 
folklore. 

The  large  archeological  collection  which  had  belonged  to  the  late 
Dr.  Thomas  Wilson,  curator  of  prehistoric  archeology,  and  which 
remained  on  deposit  in  the  Museum  during  his  lifetime,  was  purchased 
during  the  year.  It  consists  of  over  19,000  pieces,  of  which  somewhat 
under  two-thirds  are  of  European  origin,  the  remainder  being  from 
North  America.  The  European  material  covers  a  wMde  range,  begin- 
ning with  the  roughly  shaped  flint  nnplements  of  the  river  gravels  of 
England  and  France,  and  ending  with  the  more  highly  elaborated 
objects  of  the  polished  stone  and  bronze  ages.  The  American  speci- 
mens are  mainly  from  Virginia,  Tennessee,  and  Arkansas. 

The  very  valuable  collection  of  archeological  objects  obtained  in 
Porto  Rico,  Trinidad,  Grenada,  Barbados,  Dominica,  Cuba,  and  other 
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West  Indian  islands^  during  the  winter  of  1903,  by  Dr.  J.  Walter 
Fewkes,  of  the  Bureau  of  American  Ethnology,  has  been  transferred 
to  the  keeping  of  the  Museum.  It  contains  a  great  variety  of  objects, 
some  of  the  most  noteworthy  being  especially  tine  examples  of  stone 
collars,  tripointed  stone  zemes,  earthenware  bowls,  carved  stone  faces, 
amulets,  etc.,  all  of  which  were  secured  in  the  course  of  a  thoroughly 
systematic  investigation  of  the  island  region  between  North  and  South 
America.  The  same  Bureau  also  deposited  a  large  series  of  stone  and 
bone  implements,  pieces  of  pottery  and  woven  work,  and  fragments 
of  animal  and  human  bones,  collected  by  Mr.  E.  H.  Jacobs  in  caverns, 
rock  shelters,  and  village  sites  in  the  Ozark  region  of  Missouri  and 
Arkansas. 

By  bequest  of  the  late  Mr.  I.  H.  Harris,  of  Waynesville,  Ohio, 
there  was  obtained  a  large  and  varied  collection  of  stone  implements, 
with  some  shell  beads  and  carvings  and  a  few  copper  implements  and 
ornaments,  mainly  from  the  Miami  Valley  of  Ohio,  and  of  typical 
earthenware  vessels  from  mounds  near  Charlestown,  Missouri.  Mr. 
H.  W.  Seton-Karr,  of  England,  presented  an  unusuall}^  interesting 
series  of  Elgyptian  stone  implements,  mainly  of  a  type  peculiar  to  the 
desert  of  the  Fayum  district,  about  10  miles  from  the  present  limits 
of  cultivation.  From  Mr.  Felix  F.  Outes  were  secured  sevei-al  earth- 
enware vessels  taken  from  aboriginal  graves  in  the  province  of  Cata- 
marca,  Argentina. 

A  nmnber  of  casts  of  Assy ro-Baby Ionian,  Egyptian,  and  Grseco- 
Boman  sculptures  were  obtained  by  purchase,  and  several  others  by 
donation  from  the  Boston  Museum  of  Fine  Arts.  In  this  collection  is 
a  stela  engraved  with  the  code  of  laws  of  the  Babylonian  King,  Ham- 
murabi. A  series  of  heliogravures  of  Hellenistic  portraits  was  pre- 
sented by  Mr.  Theodor-Graf,  of  Vienna,  Austria;  and  knives  and  flint 
implements  from  the  Temple  of  Osiris,  Abydos,  were  received  from 
the  Egyptian  Exploration  Fund. 

Tothe  recently  established  Division  of  Physical  Anthropology  there 
were  added  more  than  2,000  crania  and  skeletons  by  tmnsfer  from  the 
Army  Medical  Museum,  14  crania  of  Wasco  Indians  from  the  Fred. 
Harvey  collection,  and  other  desirable  specimens. 

The  additions  to  the  historical  collections  included  a  valuable  series 
of  relics  presented  to  the  Smithsonian  Institution  by  Gen.  John  Watts 
de  Peyster,  who  has  also  made  several  large  contributions  of  important 
historical  works;  the  gilt  dress  sword  presented  to  Gen.  Jacob  Brown 
by  the  State  of  New  York,  for  services  during  the  war  of  1812,  donated 
by  his  grandson,  Mr.  Nathan  Brown  Chase;  the  sword  and  epaulets 
worn  by  Gen.  Alex.  McComb,  U.  S.  Army,  deposited  by  Mrs.  F.  C. 
d'Hautville;  a  tine  oil  painting  of  George  Catlin  by  W.  H.  Fisk,  K.  A., 
lent  by  his  daughter,  Mrs.  Louise  Catlin  Kinney,  and  now  hung  in 
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tlu'  midst  of  the  famous  Ciitliii  collection  of  Indian  portraits,  and 
numerous  relics  deposited  by  the  National  Society  of  the  Daughters 
of  the  American  Revolution. 

The  technological  exhibits  have  been  materially  increased,  among 
the  accessions  of  special  and  to  a  great  extent  also  of  historical  interest 
being  a  collection  of  rifles,  muskets,  and  other  firearms,  615  in  num- 
ber, showing  the  improvements  of  man}'  years  and  containing  several 
noteworthy  pieces,  deposited  b}^  the  Bureau  of  Ordnance  of  the  War 
Department;  a  collection  of  sporting  rifles  of  the  kinds  used  in  this 
country  prior  to  about  1850,  accompanied  by  powderhorns,  etc.,  lent 
by  Mr.  Herman  Hollerith;  a  finely  finished  .4:4-caliber  rifle  made  by 
Henry  Deringer,  of  Philadelphia,  and  often  used  by  David  Crockett 
in  target  practice,  lent  by  Col.  Wright  Rives;  a  rare  form  of  flintlock 
pistol  with  folding  bayonet,  presented  by  Mr.  Paul  Beckwith;  a  col- 
lection of  Morse  telegraph  keys,  insulators,  and  other  electrical  appa- 
ratus in  use  about  1850,  presented  by  the  Pennsylvania  Railroad 
Company;  a  telegraph  switch  invented  in  1S55  by  E.  W.  Culgan,  of 
Pittsburg,  and  generally  employed  down  to  1865,  donated  by  Mr. 
C.  S.  Greer,  of  Zanesville,  Ohio,  and  a  collection  illustrating  the 
development  of  the  hand  camera,  contributed  by  the  Eastman  Kodak 
Company. 

The  accessions  to  the  Department  of  Biology  embraced  151,273 
specimens,  or  nearly  41,000  more  than  the  previous  year.  The  col- 
lection of  insects  was  increased  b}'  58,1*53  specimens  and  the  herba- 
rium by  43,800,  the  remaining  48,520  specimens  being  divided  among 
the  other  divisions. 

The  most  extensive  of  the  zoological  additions  in  point  of  number 
of  specimens  consisted  of  about  40,000  insects  collected  in  British 
Columbia  hy  Dr.  Harrison  G.  Dyar,  assisted  by  Mr.  R.  P.  Currie  and 
Mr.  A.  N.  Caudell.  The  Bureau  of  Fisheries  transmitted  large  col- 
lections of  land  and  fresh -water  shells,  reptiles,  and  crustaceans  from 
Indiana  and  other  States;  a  valuable  series  of  marine  mollusks,  chiefly 
from  Alaska;  the  types  of  recently  described  fishes  from  Japan,  the 
Hawaiian  Islands,  etc. ;  fishes,  crustaceans,  and  corals  secured  in  con- 
nection with  the  Alaskan  Salmon  Fisheries  Investigation  of  1903,  and 
461  plants  from  Alaska  and  Oregon. 

Especially  worthy  of  mention  are  important  zoological  contributions 
from  the  Mentawei  Archipelago,  eastern  Sumati*a,  and  the  various 
islands  oS  that  coast,  obtained  and  presented  by  Dr.  William  L. 
Abbott.  Thirty -one  new  forms  of  mammals,  including  one  new  genus 
and  two  new  species  of  gibbon  and  several  new  species  of  birds,  are 
represented  in  the  collection  from  the  archipelago,  while  that  from 
eastern  Sumatra  also  contains  very  valuable  material,  among  which 
are  numerous  forms  of  birds  and  reptiles  not  previously  represented 
in  the  Museum.     Several  valuable  lots  of  mammals,  birds,  and  mol- 
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lusk.s  from  Minnesota  and  the  Philippine  Islands  were  donated  by 
Dr.  E.  A.  Mearns,  U.  S.  Army.  A  large  number  of  mammals,  birds, 
reptiles,  and  fishes  from  the  Bahama  Islands  were  secured  as  the  result 
of  the  expedition  sent  out  by  the  Baltimore  Geographical  Society,  and 
of  which  Mr.  B.  A.  Bean  and  Mr.  J.  H.  Riley,  of  the  Museum  staflf, 
were  members.  A  valuable  collection  of  birds'  eggs  and  reptiles  from 
Texas  was  ti*ansmitted  by  the  Biological  Survey  of  the  Department  of 
Agriculture.  Other  miscellaneous  lots  consisted  of  birds,  land  shells,^ 
and  insects  from  the  mountains  of  Venezuela,  and  of  bats  and  birds 
from  Barbuda  and  Antigua  islands. 

Noteworthy  among  the  mammals  received  were  a  specimen  of  a 
remarkable  species  of  bat,  Eudrrnm  nuiculatum^  presented  by  Mr. 
E.  O.  Wooton,  of  Mesilla  Park,  New  Mexico;  the  first  authentic 
sp)ecimen  of  a  jaguar  from  the  United  States;  a  rare  mouse-deer, 
TraguhiH  Stanley  an  ich^  obtained  from  M.  Emile  Deschamps;  a  collec- 
tion of  Old  World  manmials,  from  Mr.  W.  Schluter;  a  collection  of 
JajMinese  mammals,  from  Mr.  T.  Tsuchida;  some  nire  forms  of  bats 
from  the  British  Museum;  a  collection  of  Colombian  mammals  from 
the  American  Museum  of  Natural  History,  and  a  number  of  bats 
from  Cuba,  the  gift  of  Capt.  Wirt  Robinson,  U.  S.  Army. 

An  interesting  series  of  birds  of  the  Philippine  Islands  was  secured 
by  exchange  with  the  museum  in  Manila.  Mr.  Homer  Davenport,  of 
East  Orange,  New  Jersey,  donated  a  number  of  Aoung  pheasants,  and 
Mr.  N.  C.  Brown,  of  Portland,  Maine,  a  well-prepared  series  of  birds 
from  South  Carolina.  Four  species  of  birds-of -paradise,  new  to  the 
collection,  were  purchased.  Dr.  W.  L.  Ralph,  of  the  Museum  staff, 
and  Gen.  J.  W.  Barlow  made  generous  contributions  to  the  collection 
of  birds'  eggs,  and  series  of  I'are  Mexican  eggs  and  of  the  eggs  of  the 
hoactzin  were  purchased. 

A  collection  of  Japanese  reptiles  was  presented  by  Dr.  Hugh  M. 
Smith,  Deputy  Commissioner  of  Fisheries,  and  some  rare  reptiles  of 
southern  Florida  by  Mr.  E.  J.  Brown,  of  Lemon  City,  Florida.  The 
Division  of  Fishes  has  received  a  large  number  of  Japanese  species 
from  the  Leland  Stanford  Junior  University,  and  a  well-prepared 
series  of  specimens  from  Puget  Sound,  donated  by  Dr.  J.  C'.  Thomp- 
son, U.  S.  Navy.  A  specimen  of  the  Japanese  shark,  Mlfsukurla 
owst^ml^  11  feet  long,  was  purchased. 

Hawaiian  land  shells  and  other  invertebrates  were  received  from 
Mr.  H.  W.  Henshaw,  of  Hilo,  Hawaii;  Dr.  R.  E.  C.  Stearns,  associate 
in  zoology,  now  residing  in  Los  Angeles,  California,  presented  an 
extensive  seiyes  of  west  American  shells,  and  Mr.  H.  N.  Lowe  and 
Mrs.  Blanche  Tmsk  several  lots  of  Californian  shells.  Mr.  E.  J. 
Court,  of  Washington  City,  donated  a  representative  series  of  the 
land  shells  of  Maryland,  Virginia,  and  the  District  of  Columbia;  Mr. 
Dwight  Blaney,  about  300  shells  dredged  noai*  Mount  Desert,  Maine, 
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and  Mr.  C  A.  Davis,  many  Bermuda  shells,  including  several  cotypes. 
Among  the  specimens  obtained  by  purchase  was  a  large  collection  of 
Japanese  land  and  marine  mollusks,  and  land  shells  from  the  Pacific 
coast  and  the  islands  oif  California.  Rev.  L.  T.  Chamberlain  presented 
a  small  collection  of  rare  river  mussels. 

The  division  of  marine  invertebrates  received  a  collection  of  Mex- 
ican fresh-water  crabs  from  the  Biological  Survey  of  the  Department 
,of  Agriculture;  crustaceans  from  Catalina  and  San  Clemente  islands, 
presented  by  Mr.  H.  N.  Lowe;  cotypes  of  a  species  of  shrimp  and  of 
a  stomatopod  crustacean  from  the  National  Museum  of  Brazil;  several 
beautiful  specimens  of  four  species  of  Japanese  precious  coral,  from 
Dr.  K.  Kishinouye,  and  a  collection  of  sea  urchins,  chiefly  from  the 
Gulf  of  Siam,  from  the  Zoological  Museum  in  Copenhagen. 

The  additions  to  the  division  of  insects  were  numerous  and  valu- 
able. Among  those  of  greatest  importance,  next  to  the  one  already 
mentioned,  may  be  noted  two  lots  of  over  6,(X)0  specimens  from  the . 
Department  of  Agriculture;  an  extensive  collection  of  Coleoptera, 
Lepidoptera,  etc.,  made  by  Mr.  E.  A.  Schwarz  in  Cuba;  several  lots  of 
Philippine  insects  from  Rev.  W.  A.  Stanton,  of  Manila,  and  one  from 
Mr.  R.  C.  McGregor,  of  the  Philippine  Museum;  a  miscellaneous 
collection  from  the  grounds  of  the  Washington  Biologists'  Field  Club 
at  Plummers  Island;  a  valuable  collection  of  Lepidoptera,  from  Mr. 
E.  M.  Anderson,  of  the  Provincial  Museum  at  Victoria,  British  Colum- 
bia, and  a  large  collection  from  Colorado  and  New  Mexico  from  Prof. 
T.  D.  A.  Cockerell.  From  foreign  sources  the  following  collections 
were  received  as  gifts:  Indian  Hymenoptera  from  Maj.  C.  G.  Nurse; 
Indian  spiders  from  Prof.  N.  Jambunathan;  Venezuelan  beetles  from 
Mr.  Edward  A.  Klages;  Peruvian  insects  from  Mr.  M.  J.  Pusey; 
Norwegian  Lepidoptera  from  Sir  George  Hampson,  of  the  British 
Museum,  and  Japanese  Hymenoptera  from  Prof.  S.  Matsumura,  of 
Sapporo. 

Of  555  accessions  to  the  division  of  plants,  the  most  valuable  was 
the  deposit  made  by  Dr.  E.  L.  Greene  of  his  very  valuable  collection 
of  about  60,000  sheets  of  plants  and  his  entire  botanical  library,  con- 
sisting of  about  3,000  volumes  and  pamphlets.  Next  in  importance 
was  the  gift  by  Mrs.  T.  A.  Williams,  of  Memphis,  Nebraska,  of  about 
15,000  specimens  from  various  parts  of  the  United  States.  Mr.  C.  V. 
Piper,  of  Pullman,  Washington,  presented  658  plants  from  that  State, 
and  Mr.  E.  W.  D.  IIolway,of  Minneapolis,  Minnesota,  an  interesting 
collection  of  Mexican  plants.  Important  exchanges  were  made  with 
the  Philippine  Bureau  of  Agriculture,  the  New  York  Botanical  Gar- 
den, and  the  Royal  Gardens  at  Kew,  England.  Sixty-eight  botanical 
accessions  were  received  from  the  Dej)artment  of  Agriculture,  the 
most  important  comprising  specimens  obtained  in  Texas  by  Mr.  Arthur 
Howell,  in  New  Mexico  and  Oklahoma  by  Mr.  Fred  G.  Plummer,  and 
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ill  New  Mexico  by  Mr.  Vernon  Bailey.  Plants  from  Australia,  Mexico, 
Nic*aragua,  Costa  Rica,  and  from  .several  of  the  States  were  acquired 
by  purchase. 

There  were  690  accessions  to  the  Department  of  Geolog}^  the  most 
extensive  coming,  as  usual,  from  the  U.  S.  Geological  Survey.  Promi- 
nent among  them  were  about  40,(K)0  invertebrate  fossils,  mostly  named, 
and  including  a  large  amount  of  material  on  which  Dr.  William  H. 
Dall  and  his  assistants  have  been  working  for  several  years.  The 
Survey  also  tmnsmitted  a  series  of  1,1)32  tertiary  insects,  assembled 
by  Dr.  Samuel  H.  Scudder,  but  in  large  part  still  unworked,  togjpther 
with  many  hundred  original  drawings,  a  great  part  of  which  are 
unpublished.  The  acquisition  of  these  specimens  is  believed  to  make 
the  Museum  collection  of  fossil  insects  the  largest  in  the  United 
States,  if  not  in  the  world. 

To  the  division  of  physical  and  chemical  geology  there  were  added 
a  collection  of  platiniferous  rocks  from  the  Demidoff  mines  of  Russia, 
presented  by  Mr.  Juarez  Sponville;  a  series  of  rocks  illustrating  the 
occurrence  and  association  of  diamonds  at  the  De  Beeivs  Consolidated 
Mines,  Kimberly,  South  Africa,  donated  by  Mr.  Gardner  F.  Williams, 
manager  of  the  mines;  a  beautiful  nugget  of  native  silver,  from  Mr. 
A.  L.  Pellegrin,  of  Nogales,  Arizona;  a  specimen  of  diamond- bearing 
gravel  from  Minas  Geraes,  Brazil,  to  which  a  small  diamond  was 
attached,  from  Dr.  O.  A.  Derby,  of  SSo  Paulo,  and  a  tine  mass  of 
amethystine  quartz,  weighing  about  400  pounds,  taken  from  the  ex- 
traordinary geode  discovered  a  few  years  ago  in  Rio  Grande  do  Sul, 
Brazil. 

The  division  of  minerals  was  enriched  by  a  large  collection  illus- 
trating the  occurrence  and  association  of  zeolites  and  siliceous  minerals 
in  the  trap  rocks  of  New  Jersey,  obtained  through  the  assistance  of 
Dr.  W.  S.  Disbrow,  of  Newark,  New  Jersey,  who  also  transmitted 
one  of  the  first  known  crystals  of  American  spodumene  obtained  in 
the  early  part  of  the  nineteenth  century.  Other  important  gifts 
were  a  specimen  of  pink  spodumene  used  as  gem  material,  from  Mr. 
F.  M.  Sickler;  a  series  of  artificial  stones  used  in  the  gem  trade,  from 
Mr.  Oscar  T.  Jonassohn;  a  cut  turquoise  from  North  Carolina,  from 
Mr.  Eugene  A.  Smith,  and  some  fine  specimens  of  smoky  quartz  from 
Montana,  from  Messrs.  A.  P.  Pohndorf  and  J.  R.  Whai-ton. 

For  the  meteorite  collection  specimens  illustrating  the  Trenzano 
fall,  the  Franceville,  Missouri,  iron,  the  Mukerop,  South  Africa,  iron, 
and  the  Finnmarken  pallasite  were  acquired. 

Of  invertebrate  fossils,  the  accession  next  in  importance  to  those 
transferred  by  the  U.  S.  Geological  Survey  was  the  last  portion  of  the 
E.  O.  Ulrich  collection,  containing  about  15,000  specimens,  including 
5(K)  lots  of  original  types  or  of  specimens  that  have  been  used  for  illus- 
tration.    A  series  of  Lower  Silurian  fossils,  selected  by  Mr.  Charles^ 
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Schucliert  while  in  Russia,  was  presented  by  the  Imperial  Academy 
of  Sciences  of  St.  Petersburg,  through  the  cooperation  of  Dr.  Fred- 
erich  von  Schmidt,  and  a  valuable  donation  consisting  of  nearly  000 
specimens  of  Hamilton  brachiopods  was  received  from  the  Yale 
University  Museum.  By  exchange  with  the  Zoological  Museum  of 
the  University  of  Copenhagen  more  than  a  hundred  specimens  of 
identified  European  mesozoic  and  tertiary  bryozoans  were  obtained. 

To  the  collection  of  fossil  vertebrates  were  added  fine  specimens  of 
pterodactyl,  ichthyosaurus,  and  teleosaurus;  some  fishes  from  the 
lithogmphic  limestone,  and  a  fossil  skull  of  Bison  alien  I  from  a  plaier 
deposit  of  frozen  gravel,  25  feet  below  the  surface.  The  object  last 
mentioned  is  especially  noteworthy  as  being  the  first  specimen  of  the 
species  discovered  in  Alaska.  It  was  secured  through  the  efforts  of 
Gen.  Timothy  E.  Wilcox,  U.  S.  A.  (retired),  and  was  presented  to  the 
Museum  by  Mr.  Donald  McLean,  of  Rampart  City,  Alaska. 

One  hundred  and  thirty-two  fossil  plants,  collected  from  the  higher 
l)eds  of  the  anthracite  sei'ies,  were  donated  by  Mr.  C.  W.  Unger,  of 
Pott^ville,  Pennsylvania,  and  11)0  specimens  of  fossil  plants  from  Illi- 
nois, Ohio,  and  other  localities,  forming  part  of  the  Carl  Rominger 
collection,  were  also  obtained. 

The  approximate  numl>er  of  specimens  received  by  the  Museum 
during  the  year  and  the  total  number  in  the  possession  of  the  Museum 
at  the  close  of  the  year  are  recorded  in  the  following  table: 


Dopftrtment. 


Numl^er ' 

of  spet'i- ' 

mens    I 

in  1903-04 


Total. 


2,392  I 
115 


Anthiopolo^: 

Ethnologj' , 

Historic  archeology 

Historic  religions 

Prehistoric  archeology 12, 474 

Technology 826 

Graphic  arts 


Medicine 

History 

Physical  anthropology 

('eramics 

Photography 

Music 

fliology: 

Mammals 

Birds 

Birds'  eggs 

Reptiles  and  Imtnuhians  . 

Fishes 

Mollusijs 

Insects 

Marine  invertel>rate»< 

Helminthology 


1 

892 

2,374 

2 

28  ' 
17 

2,210 

2,591 

1,085 

2,:^08 

4,000 

:«,  618 

58,953 

2,465 

157  > 


480, 
2, 
2, 

387. 
32, 
8, 
6, 
43, 
5. 
4, 
1. 
1, 

M. 

136, 

65, 

46, 

161, 

962, 

1.582, 

521 

5. 
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456 
338 
769 
455 
019 
8% 
890 
940 
144 
612 
828 
612 

615 
226 
130 

7:« 

501 
655 
637 
191 
894 
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Department. 


Biology — Continued. 

Comparative  anatomy . 
Plants 


Number 
of  speci- 
mens   I 
received  , 
in  1903-4. 

r 


43,800 


Total 


Forestry 

GeolcH?y: 

Physical  and  chemical 1, 717 

Mineralogy 1, 020 

Invertebrate  paleontology 68, 000 

Vertebrate  paleontology 85 

Paleobotany 361 


16,031 

608,205 

749 

80,276 
36.898 


611,733 


Total 241,527  I  6,898,493 

The  number  of  entries  made  in  the  catalogue  books  of  the  various 
departments  was  51,904. 
The  number  of  accessions  received  annually  since  1881  is  as  follows: 


Year. 


(inclusive).     ,^,"ri^K 


1881 9890-11000 

1882 '  11001-12500 

1883 12501-13900 

1884 13901-15650 

1886,  January  to  June ,  15561-16208 

1886 1  16209-17704 


1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
ISW. 
1896. 
1896. 
1897. 
1898. 
1899. 
1900. 


'I 


17705-19350 
19351-20831 
20832-22178 
22179-23840 
28341-24527 
24528-25884 
25885-27150 
27151-28311 
28312-29531 
29535-30833 
80834-32300 
32301-33741 
33742-36238 
35239-36705 


1901 '  .%706-38175 

1902 ''  38176-39684 

1903 39585-41227 

1904 , 41228-42930 


1,111 
1,500 
1,400 
1,650 
658 
1,496 
1,646 
1,481 
1,347 
1,162 
1,187 
1,357 
1,266 
1,161 
1,228 
1,299 
1,467 
1,441 
1,497 
1,467 
1,470 
1,409 
1,643 
1,703 


GENERAL   WORK   UPON   THE   COLLECTIONS. 

The  primary  work  of  the  Museum  staff  is  the  care  and  preservation 
of  the  collections.  With  the  lar^e  accessions  constant!}'  received,  this 
is  also  the  most  important  and  the  most  onerous  of  all  the  duties 
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devolving  upon  the  emplo3'^ees.  So  diverse  and  so  full  of  detail  is  this 
branch  of  administration  that  it  would  be  quite  impossible  to  discuss 
the  subject  adequately  in  this  connection,  but  some  idea  of  its  extent 
and  complexities  may  be  obtained  from  the  reports  of  the  head 
cumtors. 

The  packages  as  received  have  to  be  unpacked  and  their  contents 
assorted  in  accordance  with  the  departments  or  divisions  to  which  the 
specimens  belong.  A  complete  record  of  each  accession  is  made  and 
retained  in  the  office  of  registration.  In  the  various  divisions  to  which 
they  are  then  transferred  the  specimens  are  labeled,  numbered,  and 
catalogued  serially,  after  which  they  are  arranged  in  cases  or  in  stor- 
age, their  safety  and  convenience  of  reference  being  presumably 
secured  by  these  several  acts.  Unless  they  come  identified  they  may 
be  named  at  once,  but  the  work  of  classification  goes  on  slowly  for 
the  most  part,  and  years  sometimes  elapse  before  a  collection  can  be 
thoroughly  identified  and  described,  as  noted  under  the  head  of 
"Researches." 

As  a  part  of  general  museum  work  may  be  included  the  duties  of 
the  preparators  in  preparing,  poisoning,  and  mounting  specimens;  in 
extracting  fossils  from  their  matrix,  in  cutting  rock  specimens  to  a 
convenient  size,  and  making  thiti  sections  to  show  their  structure;  in 
modeling  and  arranging  lay-figure  groups,  and  in  many  other  directions. 

In  the  Department  of  Anthropology,  where  the  objects  average 
larger  than  in  other  departments,  there  has  long  been  greater  need 
for  the  use  of  outside  storage,  but  during  the  year  considerable  inside 
storage  has  been  gained  by  the  building  of*  racks  and  shelves  back  of 
exhibition  cases.  This  has  afforded  some  relief,  and  permitted  the 
overhauling  and  improvement  of  the  reserve  collection.  Through 
cooperation  with  the  Bureau  of  American  Ethnology,  the  work  of 
photographing,  singly  or  in  groups,  the  members  of  Indian  delega- 
tions, which  have  lately  been  numerous,  has  been  so  increased  as  to 
greatly  enlarge  the  fine  portmit  series  of  American  natives  started 
several  years  ago. 

The  Department  of  Anthropology  has  two  preparators'  laboratories, 
one  for  the  making  of  models  of  objects  of  various  classes,  mostly 
ethnologic,  for  filling  out  the  Museum  series  of  exhibits  and  for 
exchange  purposes,  the  other  concerned  with  the  making  of  replicas 
of  Museum  specimens  in  plaster.  During  the  year  45  models  were 
completed  in  the  former,  while  in  the  latter  an  exceptionally  large 
amount  of  work  was  accomplished,  the  regular  preparators  being 
assisted  by  t\^o  other  skilled  workmen  especially  employed  in  con- 
nection with  the  Louisiana  Purchase  Exposition.  Molds  of  120  of 
the  most  imix)rtant  archeological  objects  in  the  National  Musemn 
were  nic*:^**,  and  from  these  several  sets  of  casts  were  obtained, 
one,  properly  colored,  being  installed  with  the  Museum's  exhibit  at 
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St.  Louis,  the  others  held  for  exchange.  These  replicas  are  executed 
with  the  utmost  care,  and  one  set  has  been  photographed  along  with 
the  originals  for  distribution  to  the  museums  with  which  exchanges 
are  arranged.  The  same  force  of  preparators  also  built  models  of  a 
number  of  the  ruined  buildings  of  Mexico  and  Yucatan,  five  of  these 
being  completed  and  exhibited  at  St.  Louis.  In  the  same  laboratory 
there  were  also  made  during  the  year  twenty  masks,  besides  other 
castings  of  Indians  belonging  to  delegations  which  visited  Washington 
during  the  season,  and  from  these  castings  a  number  of  busts  have 
been  prepared,  both  for  the  Museum  and  for  exchange. 

In  the  several  divisions  of  the  Department  of  Biology  not  only  has 
the  material  obtained  during  the  year  received  the  attention  required 
to  insure  its  safety,  but  much  has  also  been  done  toward  improving 
the  condition  of  older  parts  of  the  collections.  The  staff  is,  however, 
altogether  too  small  to  handle  these  large  collections  satisfactorily, 
and  the  limited  storage  and  laboratory  quarters  prevent  that  arrange- 
ment of  specimens  which  would  make  them  readily  accessible  for 
reference  or  study.  The  latter  difficulty  is  soon  to  be  overcome,  and 
it  is  hoped  that  the  former  also  may.  In  the  division  of  mammals 
6,760  skulls  were  cleaned,  a  necessary  preliminary  to  the  study  of  the 
specimens  of  this  group.  A  large  number  of  skins  were  made  over, 
and  some  additional  cases  for  the  arrangement  of  the  reserve  series 
were  provided.  The  entire  collection  of  mammals  is  now  in  as  good 
condition  as  the  means  will  allow,  but  very  much  remains  to  be  done. 
No  special  improvement  is  to  be  noted  in  the  condition  of  the  bird 
collection,  as  the  space  allotted  to  it  has  long  been  overcrowded.  The 
identification,  labeling,  and  cataloguing  of  specimens  has  continued. 
In  a  general  way  the  same  may  be  said  of  the  other  biological  divi- 
sions, but  it  should  be  recognized  that  in  all  the  preservation  of 
specimens  has  been  as  carefully  looked  after  as  the  circumstances 
permit,  and  practically  everywhere  their  condition  is  good.  The 
moUusks,  to  which  much  attention  has  been  given,  are  mostly  labeled 
and  accessi})le.  The  collection  of  insects,  one  of  the  largest  and  most 
valuable  in  the  world,  was  never  so  well  preserved  and  arranged  as  it 
is  at  present,  rapid  progress  having  been  made  in  the  tmnsfor  of 
specimens  to  the  new  hermetically-closing  drawers.  Much  of  the 
work  with  this  group  is  being  performed  by  volunteers,  members  of 
the  entomological  section  of  the  Department  of  Agriculture,  whose 
assistance  is  to  the  advantage  of  both  bureaus.  The  condition  of  the 
varied  collections  in  the  division  of  marine  inveilebmtes  was  greatly 
improved,  a  large  amount  of  cataloguing  having  been  done,  and  many 
sets  of  duplicates  put  up  for  distribution.  The  helminthological  col- 
lections, considered  to  be  the  finest  in  the  country  for  study  purposes, 
has  been  maintained  in  good  condition. 
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In  the  division  of  plants  much  activity  has  prevailed.  Eighty -six 
insect-proof  cases  were  installed,  increasing  the  entire  number  of  this 
kind  to  341,  all  of  which  have  been  found  to  answer  their  purpose 
perfectly.  These  additions  and  changes  in  furniture,  which  afford 
secure  storage  for  a  very  large  proportion  of  the  collection,  have 
necessitated  an  extended  rearrangement  of  specimens,  which  is  still  in 
progress.  The  number  of  specimens  mounted  during  the  year  was 
29,700;  of  sheets  stamped  and  recorded,  21,000. 

The  collections  generally  in  the  Department  of  Geology  are  reported 
to  be  in  a  fairly  satisfactory  condition,  and  not  less  than  100,000  speci- 
mens have  been  put  away  in  final  Museum  shape,  but  large  accessions 
have  rendered  it  impossible  to  keep  the  numbering,  complete  labeling, 
and  cataloguing  of  material  up  to  date.  The  working  out  of  fossil 
vertebrates  from  the  rocks  in  which  they  are  embedded  has  received 
continued  attention,  but  the  progress  in  this  direction  has  been  neces- 
sarily slow,  and  it  is  evident  that  the  staff  of  preparators  must  be 
increased  if  prompt  results  are  desired.  The  entire  lithological  study 
series  has  been  overhauled  and  catalogued  in  card  form,  and  upward  of 
300  thin  rock  sections  have  been  made.  Card  catalogues  of  the  entire 
minei'alogical  and  of  other  geological  collections  are  in  course  of  prep- 
aration, and  an  annotated  list  of  the  types  belonging  to  the  Depart- 
ment of  Geology,  several  thousand  in  number,  is  also  under  way. 

The  preparation  of  500  duplicate  sets  of  fossil  invertebrates,  in 
which  not  less  than  60,000  specimens  will  be  used  for  distribution  to 
educational  establishments  in  the  United  States,  was  nearing  comple- 
tion at  the  close  of  the  year. 

THE   EXHIBrriON  COLLECTIONS. 

In  the  Department  of  Anthropology  a  few  cases  have  been  added  in 
the  northwest  court  gallery  for  an  exhibit  of  Indian  baskets,  this  sub- 
ject having  gained  special  prominence  through  the  publication  of  Prof. 
O.  T.  Mason's  recent  paper  on  "Aboriginal  American  Basketry.*"  The 
series  of  lamps,  illustrating  the  development  of  means  of  illumination, 
has  also  been  extended.  A  beginning  has  been  made  toward  illustrat- 
ing the  ethnology  of  the  Philippines,  in  which  has  been  utilized  the 
collection  re<c€ntly  obtained  b}"  Dr.  E.  A.  Mearns,  U.  S.  Army,  on  the 
island  of  Mindanao,  and  the  ethnolog}'  of  Malaysia  through  the  import- 
ant contributions  of  Dr.  W.  L.  Abbott.  The  collection  of  musical 
instruments,  now  one  of  the  most  important  in  the  world,  has  been 
partly  reinstalled.  A  typical  series  of  muskets,  rifles,  and  carbines, 
mostly  deposited  by  the  War  Department,  and  three  table  cases  of 
revolvers  and  pistols  of  various  makes  and  dates,  have  been  ananged 
in  the  east  hall. 

A  new  mahogany  case  has  been  provided  for  the  original  Francis 
life-saving  car,  an  object  of  deep  interest  to  all  visitors,  and  in  anothe-r 
suitable  case  has  been  installed  the  cylinder  of  the  Hornblower  engmfe. 
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the  first  steam  engine  set  up  on  the  Western  Continent,  having  been 
imported  from  England  in  1753  for  pumping  water  from  the  copper 
mine^  of  Col.  John  Schuyler,  Belleville,  New  Jersey.  A  very  useful 
addition  to  the  time-keeping  series  consists  of  two  clocks  from  the 
Chelsea  Clock  Company,  of  Boston,  which  have  been  connected  with 
the  service  of  the  U.  S.  Naval  Observatory.  Interesting  historical 
relics  deposited  by  the  Society  of  the  Daughters  of  the  American 
Revolution  have  been  added  to  the  cases  assigned  to  that  society. 

Several  groups  of  ethnological  lay  figures  returned  from  recent 
expositions  have  been  installed  wherever  a  place  could  be  found  for 
them,  some  having  been  arranged  in  the  lecture  hall. 

With  a  view  to  unifying  the  work  of  installation  in  the  Department 
of  Biology,  this  entire  subject  was  placed  in  charge  of  Mr.  F.  A.  Lucas, 
the  curator  of  comparative  anatomy.  But  little  was  done  toward 
preparing  new  exhibits  in  this  department,  however,  owing  to  the 
arrangements  in  progress  for  the  St.  Louis  Exposition.  Some  of  the 
more  valuable  birds  were  remounted,  and  four  groups  of  game  birds 
were  installed  in  two  new  special  cases  at  the  entrance  to  the  Smith- 
sonian building.  Additional  casts  of  fishes  for  the  series  in  the  south- 
east range  of  the  Museum  building  are  being  prepared,  and  a  beginning 
has  l>een  made  toward  the  installation  of  a  series  of  specimens  illus- 
trating the  mollusk  fauna  of  the  District  of  Columbia,  one  such  case 
having  already  been  completed.  The  installation  of  the  systematic 
series  of  insects  has  been  nearly  finished. 

A  series  of  illustrations  of  corals  and  coral  reefs  from  Saville  Kent's 
work  on  the  Great  Barrier  Coral  Reef  of  Australia  has  been  framed 
and  placed  with  the  exhibition  of  corals  in  the  west  hall  of  the  Smith- 
sonian building.  Many  specimens  in  the  different  exhibition  collec- 
tions have  been  renewed,  and  there  is  a  generally  improved  appearance 
in  nearly  all  the  exhibits  of  this  Department. 

To  the  display  collection  in  the  Department  of  Geology  have  been 
added  skulls  of  D^iplodocus^  Trachodon^  and  of  two  genera  of  Ceratop- 
sta^  one  being  the  type  of  Triceratops  calicomis  and  the  other  repre- 
senting a  new  genus  of  the  dinosaurs.  The  mounted  skeleton  of  a 
specimen  of  Syoi'nis  camiarums  from  New  Zealand  has  also  been 
installed. 

A  noteworthy  addition  to  the  exhibits  in  geology  is  a  geological  sec- 
tion on  a  scale  of  2  miles  to  the  inch  across  the  United  States  from  the 
coast  of  North  Carolina  to  a  point  near  San  Francisco.  This  model 
has  been  the  work  of  two  years.  The  specimens  in  all  other  divisions 
of  this  department  have  been  more  or  less  overhauled  during  the 
year,  especialh*  in  the  lithological  and  mineralogical  series,  and 
improvements  have  been  made  in  the  exhibit  of  invertebrate  fossils, 
but  lack  of  room  prevents  any  noteworth^'^  additions  to  or  ejqmnsioji 
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RESEARCHES. 

Of  the  material  which  roaches  the  Museum  a  part  ha«  previously 
been  studied  and  a  part  not.  The  act  founding  the  establishment 
provides  that  the  collections  shall  be  arranged  and  classified,  and  there- 
fore in  selecting  the  care-takers,  persons  skilled  in  the  various  branches 
represented  are  chosen.  It  is  recognized  that  their  first  obligation  is 
to  look  out  for  the  safety  of  the  specimens,  and  as  the  technical  staff 
under  pay  is  relatively  smdll,  attention  to  this  dut}'^  consumes  the 
greater  part  of  their  time.  About  one-half  of  this  staff  consists  of 
volunteers  employed  in  other  bureaus  of  the  Government  on  whom 
the  same  demands  can  not  be  made,  though  some  of  these  are  equally 
attentive  to  the  routine  work.  The  scientific  results  accomplished 
each  year  by  the  paid  employees  of  the  Museum  is,  nevertheless, 
relativel}^  extensive,  comprising  mainly  the  identification,  labeling, 
and  descriptions  of  specimens,  and  their  classified  arrangement  in 
cases  and  drawers  so  as  to  make  them  convenient  for  reference. 

For  a  large  part  of  the  scientific  work,  however,  assistance  must  be 
obtained  from  experts  connected  with  other  establishments  throughout 
the  United  States  and  in  Europe.  Entire  groups  of  specimens  may 
be  assigned  to  individuals  for  study,  or  advantage  taken  of  researches 
in  progress  elsewhere  to  have  material  of  greater  or  less  extent  iden- 
tified, and  visiting  scientific  men  are  often  willing  to  spend  some  time 
upon  such  parts  of  the  collections  as  come  within  their  knowledge. 

It  is  impossible  within  the  limits  of  this  report  to  account  for  all 
the  work  of  this  character  carried  on  during  the  past  year,  but  the 
number  of  persons  concerned,  not  including  those  on  the  Museum 
staff,  was  in  the  neighborhood  of  200,  and  over  20,000  specimens  were 
sent  away  for  study.  This  cooperation  is  far  greatest  in  connection 
with  the  Department  of  Biology,  whose  varied  collections  have  long 
attracted  a  widespread  interest  and  have  led  to  many  extensive  and 
important  investigations. 

In  the  Department  of  Anthropology  considerable  progress  was  made 
by  the  Head  Curator  and  his  assistants  in  studying  the  ethnological 
collections  sent  to  the  Museum  during  the  past  ten  years  by  Dr.  Wil- 
liam L.  Abbott  from  the  southern  part  of  Asia  and  its  adjacent  islands. 
Mr.  William  H.  Holmes  has  continued  his  work  of  monographing  the 
mines  and  quarries  of  the  American  aborigines.  Dr.  A.  F.  Hrdlicka 
conducted  extensive  researches  in  different  branches  of  physical  anthro- 
pology. Further  investigations  in  the  subjects  of  primitive  heating, 
illumination,  cooking  devices,  etc.,  have  been  carried  on  by  Dr.  Walter 
Hough.  Mr.  Paul  Beckw  ith  has  begun  the  preparation  of  a  descrip- 
tive catalogue  of  the  Grant  relics  in  the  National  Museum  and  a 
catalogue  of  ancient  coins.     The  collection  of  swords  has  also  been 
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Mr.  Greorge  C.  Maynard  has  given  much  time  toward  unraveling 
the  history  of  the  old  locomotive  Stourbridge  Lion,  and  ha.s  also  been 
engaged  on  a  history  of  firearms. 

The  collections  of  the  Department  of  Anthropology  have  been 
examined  by  many  persons,  some  of  whom  have  made  important  stud- 
ies for  official  and  other  purposes.  Among  these  investigators  may 
mentioned  the  Statistician  of  the  United  States  Bureau  of  Immigration; 
Prof.  C.  S.  Sherrmgton,  of  University  College,  Liverpool,  England; 
Miss  Voorhees,  of  Indiana,  who  examined  the  prehistoric  European 
collections;  Miss  Marie  Ruef  Hofer,  of  Teachers'  College,  Columbia 
University,  New  York;  Mr.  John  P.  S.  Neligh,  Columbus,  Georgia, 
who  is  interested  in  the  study  of  Indian  textile  art;  Mrs.  J.  Wells 
Champney,  who  is  gathering  information  regarding  the  Abenaki  tribe; 
Judge  James  Wickersham,  of  Eagle  City,  Alaska,  who  is  investigating 
the  industries  and  social  customs  of  the  Indians  of  that  region;  Mr. 
Ole  Soll)erg,  of  Christiania,  Norway,  who  is  making  studies  in  prepara- 
tion for  an  investigation  of  the  social  customs  of  the  Hopi  Indians; 
Lieut.  W.  E.  W.  McKinlay,  U.  S.  Army,  detailed  by  the  Division  of 
Military  Information  to  obtain  data  to  assist  in  compiling  granmiars 
and  dictionaries  of  some  of  the  Philippine  languages;  Mr.  Stewart 
Culin,  Curator  of  Ethnology  in  the  Brooklyn  Institute,  to  whom  speci- 
mens were  also  lent  for  the  purpose  of  reporting  upon  Indian  games 
for  the  Bureau  of  American  Ethnology ;  Dr.  H.  M.  Whelpley,  of  St. 
Louis,  Missouri,  who  studied  material  for  a  paper  on  catlinite  pipes, 
and  Mr.  E.  A.  Forward,  of  the  Victoria  and  Albert  Museum,  London, 
who  is  interested  in  the  history  of  the  Stourbridge  Lion  already 
referred  to. 

In  connection  with  the  Department  of  Biology  research  work  was 
extensively  carried  on  both  by  members  of  the  Museum  staff  and  by 
others.  Dr.  F.  W.  True,  the  Head  Curator,  completed  his  important 
monograph  on  the  whalebone  whales  of  the  western  North  Atlantic, 
which  will  appear  in  Volume  xxxin  of  the  Smithsonian  Contribu- 
tions to  Knowledge,  and  he  also  published  four  shorter  papers  on  ceta- 
ceans. Mr.  Gerrit  S.  Miller,  jr.,  assistant  curator  of  mammals,  has 
continued  his  studias  on  Dr.  William  L.  Ablx)tt's  large  collection  of 
mammals  from  the  Malay  Archipelago,  having  finished  one  paper  on 
the  subject  during  the  year,  descriptive  of  70  new  species,  including  1 
new  genus  and  6  new  species  of  monkeys,  2  new  species  of  mouse  deer, 
and  6  new  species  of  flying  lemurs.  He  also  prepared  sevei-al  smaller 
papers  and  continued  work  on  a  new  classification  of  the  bats.  Dr. 
Marcus  W.  Lyon,  jr.,  aid  in  mammals,  completed  a  revision  of  the 
hares  and  their  allies,  based  upon  a  detailed  study  of  their  anatomical 
and  other  characters. 

Among  those  who  had  access  to  the  mammal  collections  or  to  whom 
specimens  were  sent  for  examination  were  Dr.  J.  A.  Allen,  of  the 
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American  Museum  of  Natural  History;  Mr.  J.  A.  G.  Rehn,  of  the 
Philadelphia  Academy  of  Sciences;  Dr.  D.  G.  Elliot,  of  the  Field 
Columbian  Museum;  Mr.  Outram  Bangs,  of  the  Museum  of  Com- 
pamtive  Zoology;  Prof.  Burt  G.  Wilder,  of  Cornell  University,  and 
the  members  of  the  Biological  Survey  of  the  U.  S.  Department  of 
Agriculture. 

Mr.  Robert  Ridgway,  curator  of  birds,  continued  with  little  inter- 
ruption the  preparation  of  his  comprehensive  monograph  on  the  Birds 
of  North  and  Middle  America,  completing  the  manuscript  for  Volume 
III,  and  a  large  part  of  that  for  Volume  iv,  beside  two  small  papers 
on  new  genera  and  species  of  birds.  In  making  the  measurements  of 
specimens  for  his  monograph  he  was  assisted  by  Mr.  J.  H.  Riley,  aid, 
who  also  published  three  notes  on  birds  from  the  Bahama  Islands. 
Dr.  Charles  W.  Richmond,  assistant  cumtor  of  birds,  finished  the 
identification  of  the  majority  of  the  birds  collected  by  Dr.  W.  L. 
Abbott  on  the  islands  oflF  the  western  coast  of  Sumatra,  prepared  a  list 
of  the  species  obtained  by  Doctor  Abbott  and  Mr.  C.  B.  Kloss  on 
Anambas  and  Tambelans  islands,  China  Sea,  and  at  Tringana,  Malay 
Archipelago,  and  was  the  author  of  several  notes  on  zoological 
nomenclature. 

The  collection  of  birds  was  consulted  by  Dr.  R.  M.  Strong  and  Prof. 
C.  O.  Whitman,  of  the  University  of  Chicago;  Mr.  Elliot  Blackwelder, 
of  Chicago;  Mr.  Jonathan  Dwight,  jr.,  of  New  York;  Mr.  Outram 
Bangs;  Mr.  Frank  Chapman,  of  the  American  Museum  of  Natural 
History;  the  Biological  Survey,  and  the  Committee  on  Nomenclature 
of  the  American  Ornithologists'  Union. 

Studies  on  the  reptile  fauna  of  eastern  Asia  were  carried  on  by  Dr. 
Leonhard  Stejneger,  curator  of  reptiles,  who  also  worked  up  the  collec- 
tion of  reptiles  brought  from  Japan  by  Dr.  Hugh  M.  Smith,  Deputy 
Commissioner  of  Fisheries,  and  from  the  Bahamas  by  Mr.  J.  H.  Riley, 
as  a  member  of  the  expedition  of  the  Baltimore  Geographical  Society. 
Doctor  Stejneger  likewise  prepared  a  general  account  of  the  herpetol- 
ogy  of  the  Bahama  Islands  and  several  small  papers,  and,  in  conjunc- 
tion with  Mr.  Vernon  Bailey,  identified  the  Museum  collection  of 
reptiles  from  Texas.  His  report  on  the  proceedings  of  the  Fifth  Inter- 
national Zoological  Congress  at  Berlin,  during  August,  1901,  at  which 
he  represented  the  National  Museum,  was  received  during  the  year. 
Facilities  were  afforded  Prof.  W.  P.  Hay,  of  Howard  University,  for 
studying  the  diamond  back-terrapin  for  the  Bureau  of  Fisheries. 

Mr.  Barton  A.  Bean,  assistant  curator  of  fishes,  reported  on  the 
fishes  collected  on  the  expedition  of  the  Baltimore  Geographical  Soci- 
ety to  the  Bahama  Islands,  comprising  1(55  species,  identified  the 
specimens  obtained  by  the  Senff  Expedition  to  the  Nile  in  1899,  and  pre- 
pared notes  on  material  from  North  Carolina  and  the  Barbados.  The 
collections  in  this  division  were  also  consulted  by  Dr.  Theodore  Gill, 
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an  assoc'iate  of  the  Museum;  Dr.  David  S.  Jordan  and  Dr.  C.  H.  Gil- 
bert, of  Lielaud  Stanford  Junior  l^niversity;  Dr.  C  H.  Eigenmann,  of 
Indiana  University,  and  the  scientific  stall  of  the  U.  S.  Bureau  of 
Fisheries. 

Among  the  results  accomplished  by  Dr.  William  H.  Dall,  honorary 
curator  of  mollusks,  may  be  noted  reviews  of  the  nomenclature  of  the 
Pupacea,  and  of  the  history  and  classification  of  the  Tritons  and  Trog- 
shells,  a  summary  of  the  recent  and  fossil  land  shells  of  the  Bahama 
Islands,  and  a  number  of  other  papers,  some  prepared  in  conjunction 
with  Mr.  Paul  Bartsch,  aid  in  mollusks.  He  also  began  upon  a  general 
review  of  the  land  and  fresh -water  mollusks  of  Alaska  and  adjacent 
regions.  Mr.  Bartsch  continued  work  on  the  family  Pyramidellidse, 
and  published  descriptions  of  new  species  of  Scissurella  and  Sonorella, 
a  note  on  Limax,  and  an  account  of  the  herons  living  in  the  District  of 
Columbia.  The  Pacific  coast  Pectinidse  were  studied  by  Mr.  Ralph 
Arnold,  of  the  United  States  Geological  Survey,  and  the  recent  and 
fossil  Pleurotomidae  by  Col.  Thomas  L.  Casey,  U.  S.  Army.  The 
collection  of  Achatinellas  was  sent  to  Prof.  Alpheus  Hyatt,  of  the 
Boston  Society  of  Natural  History,  and  after  his  death  was  turned 
over  to  Dr.  A.  (t.  Mayer,  of  the  Brooklyn  Institute,  who  is  to  complete 
his  investigation  of  this  group. 

The  staflf  of  the  division  of  insects,  including  its  honorary  members, 
has  to  its  credit  a  total  of  114  papers  published  during  the  year,  but 
not  nearly  all  of  these  related  to  Museum  material  or  were  issued  by 
the  Museum.  The  authors  were  Dr.  L.  O.  Howard,  honorary  cura- 
tor; Dr.  W.  H.  Ashmead,  assistant  curator;  Dr.  H.  (t.  Dyar,  Mr.  D. 
W.  Coquillett,  and  Mr.  Nathan  Banks,  custodians,  Mr.  R.  P.  Currie,  aid, 
and  Mr.  A.  N.  Caudell.  Doctor  Ashmead  continued  his  work  on  the 
classification  of  the  Hymenoptera  and  has  published  his  generic  revision 
of  the  entire  order  except  the  ants,  or  superf amily  Formicoidea,  which 
will  probably  soon  be  completed.  He  has  also  worked  up  all  the 
Japanese  and  Philippine  Hymenoptera  now  in  the  Museum,  and  papers 
on  this  subject  will  shortly-  appear  in  the  Proceedings  of  the  Museum. 
His  most  important  paper  of  the  year  was  a  classification  of  the  Chalcid 
flies.  Among  the  thirty -one  papers  prepared  by  Doctor  Dyar,  the 
most  noteworthy  was  one  of  160  pages  on  the  Lepidoptera  of  the 
Kootenai  district  of  British  Columbia.  Mr.  Coquillett's  researches 
related  mainly  to  the  diptera,  and  those  of  Mr.  Banks  to  the  spiders. 

Studies  were  made  as  follows  by  visitors  to  the  Museum:  On  the 
Lepidoptera,  by  Prof.  J.  B.  Smith,  of  Rutger's  College,  Dr.  J.  W. 
Holland,  of  the  Carnegie  Museum,  Mr.  W.  D.  Kearfott,  of  New  York, 
and  Mr.  William  Schaus,  of  London;  on  the  Arachnids  by  Mr.  J.  H. 
Emerton,  of  Boston,  and  Prof.  R.  V.  Chamberlain,  of  Cornell  Uni- 
versity; on  the  Coleoptem  b}'  Mr.  C.  Schaeffer,  of  Brooklyn,  Dr. 
Henry  Skinner,  of  Philadelphia,  and  others.     Several  physicians  have 
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examined  the  collection  of  mosquito  larvae,  and  the  Carnegie  Institu- 
tion has  had  the  use  of  the  specimens  of  J^flwteti^  a  genus  of  social  or 
paper-making  wasps.  The  number  of  loans  of  specimens  wa«  large, 
the  principal  being  of  Coleoptera  to  Dr.  F.  E.  Blaisdell,  San  Francisco, 
California;  of  Orthoptera  to  Mr.  J.  A.  (i.  Rehn,  of  the  Philadelphia 
Academy  of  Sciences;  of  Rhynchota  to  Prof.  P.  R.  Uhler,  of  Baltimore; 
and  of  Diptera  to  Prof.  James  S.  Iline,  of  the  Ohio  State  University. 

Dr.  James  E.  Benedict,  assistant  curator  of  marine  invertebrates, 
continued  his  studies  on  the  anomoumn  crustaceans,  two  papers,  a 
revision  of  the  genus  Lepidopa,  and  descriptions  of  new  albuneids, 
being  published  during  the  year.  Miss  M.  J.  Rathbun,  assistant  cura- 
tor, completed  the  monograph  of  the  fresh-water  crabs  (PotamonidaB) 
on  which  she  has  been  engaged  for  some  time,  and  which  is  being 
printed  in  the  Archives  of  the  Paris  Museum  of  Natural  History. 
She  also  continued  work  on  the  crabs  of  Hawaii,  preparing  a  paper  on 
this  subject  for  the  U.  S.  Bureau  of  Fisheries,  and  one  on  the  decapod 
crustaceans  of  the  northwest  coast  of  North  America  for  the  Harriman 
Alaska  expedition.  Dr.  Harriet  Richardson,  collaborator  in  marine 
invertebrates,  also  finished  a  report,  published  in  the  same  series,  on 
the  isopod  crustaceans  of  the  northwest  coast,  besides  an  account  of  the 
isopods  obtained  on  the  Alaskan  expedition  of  the  Bureau  of  Fisheries 
in  1903.  She  has  since  l)egun  upon  a  manual  of  the  North  Ameri- 
can Isopoda.  Mr.  T.  Wayland  Vaughan,  custodian  of  madreporarian 
corals,  has  made  notable  progress  in  the  study  of  that  group  as  repre- 
sented in  the  Museum,  having  paid  special  attention  to  the  collections 
from  the  Hawaiian  Islands.  Dr.  C.  W.  Stiles,  custodian  of  the 
helminthological  collections,  completed  his  investigation  of  the  hook- 
worm disease  in  the  Southern  States,  and  began  upon  a  study  of 
"spotted  fever''  in  Montana. 

A  number  of  specialists  connected  with  other  institutions  are 
engaged  in  working  up  several  groups  of  marine  invertebrates  as  fol- 
lows: Prof.  Charles  L.  Edwards,  of  Trinity  College,  Hartford,  Connect- 
icut, the  pedate  holothurians;  Prof.  Hul>ert  Lyman  Clark,  of  Olivet 
College,  Michigan,  the  apodal  holothurians;  Prof.  C.  C.  Nutting,  of  the 
University  of  Iowa,  the  hydroids,  of  which  reports  on  the  Plumulari- 
die  and  Sertularida?  have  been  published;  Dr.  Charles  B.  Wilson,  of 
the  State  Normal  School,  Westfield,  Massachusetts,  the  parasitic  cope- 
pods;  Dr.  K.  W.  Genthe,  of  Trinity  College,  Hartford,  Connecticut, 
the  free  swimming  copepods;  Dr.  R.  W.  Sharpe,  of  Wilmette,  Illi- 
nois, the  Ostracoda;  Dr.  W.  T.  Caiman,  of  the  British  Museum  of 
Natural  History,  the  cumacea;  Dr.  H.  Coutiere,  ficole  Supc^rieure  de 
Pharmacie,  Paris,  the  Alpheidse.  Besides  material  supplied  to  the 
above,  specimens  from  the  collections  made  during  the  investigations 
of  1903  by  the  Bureau  of  Fisheries  into  the  Alaskan  salmon  fishery 
and  elsewhere  have  been  sent  out  as  follows:  The  parasitic  copepods 
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to  Dr.  Charles  B.  Wilson;  the  Pycnogonidae  to  Dr.  Leon  J.  Cole,  of 
Cambridge,  Massachusetts;  the  Schizopoda  to  Dr.  A.  E.  Oitmann,  of 
the  Carnegie  Museum;  the  Amphipoda  to  Dr.  J.  S.  Holmes,  of  the 
Universit}^  of  Michigan;  and  the  Clrripedia  to  Prof.  H.  A.  Pils})ury, 
of  the  Philadelphia  Academy  of  Sciences.  A  large  number  of  Bering 
Sea  and  arctic  starfishes  have  l:>een  supplied  to  Prof.  A.  E.  Verrill,  of 
Yale  University,  for  examination  in  connection  with  a  report  on  the 
starfishes  of  the  Harriman  Alaska  Expedition;  several  lots  of  actinians 
to  Dr.  J.  E.  Duerden,  of  the  University  of  Michigan,  who  is  prepar- 
ing a  i-eporton  the  Hawaiian  species  for  the  Bureau  of  Fisheries;  and 
specimens  of  echini  and  isopods  to  Dr.  T.  H.  Mortensen  and  Dr. 
H.  J.  Nansen,  respectively,  of  the  Zoological  Museum  of  Copenhagen, 
Denmark. 

Mr.  F.-^V.  Coville,  curator  of  the  division  of  plants,  has  published 
several  papers  which  are  cited  in  Appendix  HI.  Dr.  J.  N.  Rose, 
assistant  curator,  has  continued  his  studies  on  Mexican  and  Central 
American  plants.  He  has  also,  in  conjunction  with  Dr.  N.  L.  Britton, 
director  of  the  New  York  Botanical  Garden,  conducted  investigations 
relative  to  the  North  American  Crassulaceje  and  has  begun  to  work  up 
the  cacti  of  North  America,  a  research  which  is  expected  to  occupy 
four  or  five  years.  A  preliminary  paper  on  the  Crassulaceae  and  one 
by  Doctor  Rose  on  a  new  species  of  Begonia  have  appeared  during  the 
year.  Mr.  W.  R.  Maxon,  aid,  has  given  special  attention  to  the  speci- 
mens of  ferns  received  from  the  Philippine  Islands,  and  Mr.  E.  S. 
Steele,  to  the  genus  Laciniaria.  Dr.  E.  L.  Greene,  appointed  associate 
in  botany  near  the  close  of  the  year,  has  engaged  in  various  lines  of 
systematic  work.  The  Carices  have  been  the  subject  of  study  by  Mr. 
Theodor  Holm,  of  Brookland,  District  of  Columbia,  and  the  speci- 
mens of  the  genus  Plantago  by  Prof.  E.  L.  Morris,  of  the  Washing- 
ton High  School.  The  collections  have  been  frequently  consulted 
by  several  members  of  the  botanical  staff  of  the  Department  of 
Agriculture. 

There  were  43  loans  of  plants,  aggregating  2,878  specimens,  the  prin- 
cipal ones  being  as  follows:  A  large  collection  from  the  Philippine 
Islands  to  Dr.  Janet  Perkins,  Berlin  Botanical  Gardens;  a  collection  of 
Mexican  plants  to  Dr.  B.  L.  Robinson,  of  the  Gray  Herbarium,  Har- 
vard University;  specimens  cf  pines  to  Mr.  George  R.  Shaw,  of  the 
Arnold  Arboretum,  Jamaica  Plains,  Massachusetts;  and  specimens  of 
orchids  to  Mr.  Oakes  Ames,  of  the  Ames  Botanical  I^aboratory,  North 
Easton,  Massachusetts. 

The  Head  Curator  of  Geolog}^  Doctor  Merrill,  has  supervised  the 
work  of  an  economic  survey  relating  to  the  building  and  ornamental 
stones  of  North  Carolina,  and  as  an  expert  special  agent  of  the  last 
census  has  completed  a  report  on  stone  quarries.  A  collection  of  rocks 
brought  from  the  Nugsuaks  Peninsula,  Greenland,  aq^^iJ^^/Uii^UTOs©^ 
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of  uimkite  near  Milanis  (Jap,  Virginia,  have  been  described  by  Mr. 
William  C.  Phalen,  while  many  rare  minerals  and  a  meteorite  from 
Perhimmon  ( -roc^k.  North  Carolina,  have  been  the  subject  of  study  by 
Mr.  Wirt  Tassin.  Researches  on  the  Rochester  shale  bryozoa  have 
been  continued  by  Mr.  R.  S.  Bassler,  and  two  papers  on  Paleozoic 
bryozoa  have  been  completed  by  Mr.  E.  O.  U I  rich  in  conjunction  with 
Mr.  Bassler.  An  account  of  all  the  Middle  Devonian  crinoids  in  the 
Museum  collections  has  been  prepared  by  Miss  Elvira  Wood,  of  the 
U.  S.  Geological  Survey. 

Material  from  the  collection  of  vertebrate  paleontology  has  been 
utilized  by  Prof.  H.  F.  Osborn,  of  the  American  Museum  of  Natural 
History,  in  his  work  on  the  Titanotherium;  by  Mr.  J.  B.  Hatcher,  of 
the  Carnegie  Museum,  in  his  study  of  Triceratops,  and  by  Mr.  F.  A. 
Lucas,  of  the  National  Museum,  in  connection  with  his  researches  on 
Stegosaurus.  Besides  the  investigations  carried  on  by  the  paleo- 
botanists  of  the  U.  S.  (ieological  Survey,  some  studies  have  been 
made  on  the  fossil  plants  by  Dr.  Arthur  Hollick,  of  the  New  York 
Botanical  Garden;  the  Rev.  H.  Herzer,  of  Marietta,  Ohio;  and  Mr.  E. 
W.  Berry,  of  Passaic,  New  Jersey.  Dr.  Thomas  L.  Watkins,  of 
Denison  University,  Ohio,  has  made  use  of  the  collections  in  applied 
geology. 

Specimens  in  various  branches  of  geology  and  paleontology  have 
been  sent  to  the  following  persons  to  assist  them  in  their  investiga- 
tions: Doctor  Handlirsch,  of  the  K.  K.  Naturhistorisches  Hof museum, 
Vienna;  Mr.  John  M.  Clarke,  of  the  New  York  State  Museum;  Prof. 
W.  B.  Clark,  of  Johns  Hopkins  University;  Prof.  C.  H.  Hitchcock, 
of  Dartmouth  College;  Prof.  Edwin  G.  Kirk,  of  Columbia  University; 
Dr.  George  F.  Kunz,  of  New  York  City;  Mr.  P.  E.  Raymond,  of  New 
Haven,  Connecticut;  Mr.  Thomas  L.  Watson,  of  the  Virginia  Poly- 
technic Institute;  Mr.  S.  F.  Emmons,  of  the  U.  S.  Geological  Surve}^ 
and  Mr.  Frank  Springer  and  Dr.  H.  N.  Stokes,  of  the  U.  S.  Bureau 
of  Standards. 

EXPLORATIONS. 

But  few  explorations  were  carried  on  last  year  by  members  of  the 
Museum  staff.  Dr.  Walter  Hough  spent  some  time  in  Arizona  and 
New  Mexico,  where  he  made  a  large  collection  of  ethnological  and 
archeological  objects.  Botanical  field  work  was  carried  on  in  Mexico 
by  Dr.  J.  N.  Rose,  and  in  Jamaica  by  Mr.  W.  R.  Maxon.  The  expe- 
dition sent  to  the  Bahamas  during  the  summer  of  1908  hy  the  Balti- 
more Geographical  Society  and  Johns  Hopkins  University,  under  the 
direction  of  Dr.  (i.  B.  Shattuck,  was  accompanied  by  Mr.  Barton  A. 
Bean  and  Mr.  J.  H.  Riley,  who  took  an  active  part  in  the  work  of  col- 
lecting and  observation.     Dr.  Harrison  G.  Dyar  and  Mr.  RoUa  P. 
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Currie  were  members  of  a  party  sent  to  British  Columbia  by  the  Car- 
negie Museum,  of  Pittsburg,  and  returned  with  large  collections  of 
insects.  During  a  trip  to  Europe  Mr.  Charles  Schuchert  secured 
some  valuable  fossils,  and,  while  seeking  material  for  the  Louisiana 
Purchase  Exposition,  Dr.  George  P.  Merrill  obtained  for  the  Museum 
many  geological  specimens  on  the  Pacific  coast  and  in  Canada  and 
western  Mexico. 

Having  been  designated  by  the  State  Department  and  the  Smith- 
sonian Institution  as  delegates  to  the  International  Congress  of 
Zoology  to  be  held  at  Berne,  Switzerland,  during  the  summer  of  1904, 
Dr.  Leonhard  Stejneger  and  Mr.  Gerrit  S.  Miller,  jr.,  left  Wash- 
ington in  May,  with  the  object  also  of  making  collections  of  mammals 
and  reptiles  in  Europe,  and  of  identifying  unclassified  material  by 
comparison  with  specimens  in  certain  European  museums.  A  num- 
ber of  short  collecting  trips  were  also  made  by  other  members  of 
the  staff. 

There  have  been  many  explorations  by  private  individuals  and  by 
other  Government  bureaus  through  which  the  Museum  has  profited. 
A  few  of  these  may  be  noted.  Dr.  William  L.  Abbott  has  continued 
his  field  work  in  Sumatra,  the  Mentawei  Archipelago,  and  along  the 
coast  and  on  the  islands  east  of  Sumatra,  and,  as  usual,  has  contributed 
his  specimens  to  the  National  Museum.  In  connection  with  the  inves- 
tigations of  the  Bureau  of  Fisheries,  Dr.  Hugh  M.  Smith  has  visited 
Japan,  and  Dr.  B.  W.  Evermann,  Prof.  Charles  H.  Gilbert,  and 
Prof.  O.  P.  Jenkins  have  made  extensive  explorations  in  Hawaii. 
The  natural  history  bureaus  of  the  Department  of  Agriculture,  and 
especially  the  Biological  Survey,  have  made  important  collections  in 
different  parts  of  the  United  States.  Field  work  under  the  Bureau  of 
American  Ethnology,  productive  of  collections,  has  been  carried  on 
by  Dr.  J.  Walter  Fewkes  in  the  West  Indies,  and  by  Mr.  James 
Mooney,  Mr.  Gerard  Fowke,  Mrs.  M.  C.  Stevenson,  and  Mr.  J.  R. 
Swanton  in  the  West.  Reference  should  also  be  made  to  the  impor- 
tant work  conducted  in  the  Philippine  Islands  by  Dr.  E.  A.  Mearns, 
U.  S.  Army,  one  of  the  most  frequent  contributors  to  the  Museum 
collections. 

Collecting  outfits  were  supplied  to  the  following  persons  outside  of 
the  Museum  staff:  Mr.  Vinal  N.  Ekiwards,  Woods  Hole,  Massachu- 
setts; Mr.  L.  H.  Aym^,  New  York  City;  Dr.  J.  Walter  Fewkes,  Bureau 
of  American  Ethnology;  Dr.  Frank  Baker,  National  Zoological  Park; 
Mr.  O.  M.  Meyncke,  Belfield,  Virginia;  Dr.  S.  P.  Bartlett,  Quincy, 
Illinois;  Mr.  R.  S.  Johnson,  Bellevue,  Iowa;  Mr.  Andrew  Allison, 
lukai  Mississippi;  Mr.  E.  R.  Hodson,  Jasper,  Texas;  Mr.  H.  D.  Bur- 
rail,  Beaumont,  Texas;  Mr.  Ward  Nedwah,  Lejolla,  California;  Dr. 
J.  C.  Thompson,  U.  S.  Navy,  Bremerton,  Washington:  Mr.  Richard 
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Willis,  Olga,  Washington;  Mr.  Alfred  G.  Maddren,  Seattle,  Wash- 
ington; Dr.  E.  A.  Meams,  Mindanao,  Philippine  Islands;  Dr.  J.  R. 
Harris,  U.  S.  Army,  Philippine  Islands;  Mr.  Eliot  Blackwelder,  Tien- 
tsin, China;  Mr.  William  Prockway ,  Piedras  Negras,  Coahuila,  Mexico; 
Mr.  E.  A.  Goldman,  Tehuantepec  City,  Mexico,  and  the  Rev.  Samuel  P. 
Verner,  Upper  Congo  Regions,  Africa. 

DISTRIBUTION    AND   EXCHANGE   OF   SPECIMENS. 

In  the  distribution  of  duplicate  material  to  educational  establish- 
ments throughout  the  country  a  total  of  20,010  specimens  was  used. 
These  contributions,  chiefly  to  schools  and  colleges,  were  comprised 
in  148  separate  lots  or  sets  of  objects  accurately  labeled  and  adapted 
for  teaching  puiposes.  They  consisted  of  55  sets  of  marine  inverte- 
brates, 35  of  fishes,  10  of  geological  material  illustmting  rock  weath- 
ering and  soil  formation,  4  of  casts  of  prehistoric  stone  implements, 
and  44  of  a  special  and  miscellaneous  character. 

In  making  exchanges,  for  which  an  equivalent  is  obtained  for  incor- 
poration in  the  national  collections,  216  lots,  aggregating  9,005  speci- 
mens, were  disposed  of.  The  number  of  specimens  lent  to  specialists 
for  study  amounted  to  20,535,  comprised  in  115  separate  sendings. 

Among  the  more  important  exchanges  received  from  establishments 
abroad  were  the  following:  From  the  British  Museum  of  Natural  His- 
tory, liondon,  England,  a  number  of  alcoholic  bats;  from  the  Royal 
Botanic  Gardens,  Kew,  England,  a  large  collection  of  plants  from 
various  localities;  from  the  Museum  of  Natural  History,  Paris,  France, 
specimens  of  wasps  of  the  family  Vespidte;  from  the  Royal  Botanical 
Museum,  Berlin,  Germany,  716  plants;  from  the  Royal  Zoological  and 
Anthropological-Ethnographical  Museum,  Dresden,  Germany,  3  skins 
of  Sturnidfle;  from  the  Zoological  Museum,  University  of  Copenhagen, 
Denmark,  about  100  species  of  European  mesozoic  and  tertiary  bryo- 
zoans,  and  specimens  of  living  echinbderms;  from  the  First  Zoological 
Institute  of  the  Imperial  University,  Vienna,  Austria,  fishes  and  rep- 
tiles collected  in  North  Africa,  Asia  Minor,  and  other  localities;  from 
the  K.  K.  Naturhistorisches  Hofmuseum,  Vienna,  a  collection  of  mes- 
ozoic and  tertiary  bryozoans  and  ostracods  from  eighteen  European 
localities;  from  the  Kongelige  Frederiks  Universitet,  Christiania, 
Norway,  specimens  of  reptiles  and  batrachians  from  Madagascar, 
South  Africa,  Australia,  and  Formosa;  from  the  Museum  of  the  Impe- 
rial University,  Moscow,  Russia,  5  casts  of  ^Indodon  horsoiii;  from 
the  Royal  Botanic  Garden,  Sibpur,  Calcutta,  India,  143  plants  from 
India;  from  Albany  Museum,  Grahamstown,  South  Africa,  2  elands; 
from  Hope  Gardens,   near  Kingston,  Jamaica,  specimens  of    ferns 
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The  material  obtained  in  exchange  from  individuals  abroad  was  as 
follows:  From  L.  Chevallier,  Precigne,  Sarthe,  France,  342  Algerian 
plants;  from  Dr.  Aristides  Brezina,  Vienna,  Austria,  a  fmgment  of 
the  Trenzano  meteorite,  weighing  164  grams;  from  Mr.  Julius  Bohm, 
Vienna,  Austria,  a  piece  of  meteoric  stony  iron  from  Finnmarken, 
weighing  595  grams;  from  Mr.  Cecil  Seymour  Browne,  Anacapri,  Italy, 
a  collection  of  Lepidoptera;  from  Mr.  A.  Berger,  La  Mortola,  Venti- 
miglia,  Italy,  31  plants;  from  Rev.  R.  P.  Longin  Navas,  S.  J.,  Colegio 
del  Salvador,  Zaragoza,  Spain,  a  collection  of  Neuropterold  insects 
from  Spain;  from  Maj.  Charles  G.  Nurse,  Nineteenth  Bombay  Infan- 
try, Quetta,  Baluchistan,  India,  130  species  of  Hymenoptera;  from 
Prof.  N.  S.  Jambunathan,  Native  College,  Madura,  India,  52  speci- 
mens of  spiders  from  India. 

VISITORS. 

The  Museum  building  was  visited  during  the  year  by  220,778  per- 
sons, and  the  Smithsonian  building  b}"  143,988  persons,  a  daily  aver- 
age of  705  for  the  former  and  460  for  the  latter.  The  decrease  as 
compared  with  the  previous  year  is  accounted  for  by  the  meeting  of 
the  Grand  Army  of  the  Republic  in  October,  1902,  during  which 
month  alone  the  attendance  amounted  to  131,448. 

The  following  tables  show,  respectively,  the  attendance  during  each 
month  of  the  past  year,  and  for  each  year  beginning  with  1881,  when 
the  Museum  building  was  first  opened  to  the  public. 

Number  of  visitors  during  the  fiscal  year  1903-04. 


Year  and  month. 


1908. 

July 

August 

September 

October 

November 

December 

1904. 

January 

February 

March 

April 

May 

June 

Total 

Approximate  daily  average 


Museum 
building. 

Smithsonian 
building. 

19,160 
25,792 
24,408 
17,403 
13,783 
14,634 

12,621 
15,202 
20,375 
27,838 
16,376 
13,136 

11,369 

17, 181 

14,685 

12,709 

11,252 

11,675 

9,674 

8,964 

10, 922 

16,451 

10,497 

8  669 

220,778 
706 

143,988 

460 
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Numhtr  of  vinlors  to  the  Museum  and  Smitltsonian  buildings  since  the  tt}taiing  of  the 

former  in  1881, 


Year. 


1881 

1882 

1883 

1884  (half  year). 

1884-85a 

1885-86 

188fr-87 

1887-88 

188*^-89« 

1889-90 

1890-91 

1891-92 

1892-93a 

1893-94 

1894-96 

1895-96  

1896-97a 

1897-98  

1898-99 


1899-1900 . . 
1900-1901  a. 
1901-02.... 
1902-03  .... 
1903-(M  .... 


Mu-<ieum 
building. 


150,000 
167,455 
202,188 
97,661 
205,026 
174,225 
216,562 
249,665 
874,843 
274,324 
286,426 
269,825 
319,930 
195,748 
201,744 
180,5a'> 
229,606 
177,254 
192,471 
225,440 
216,556 
173,888 
315,307 
220,778 


Smithsonian 
building. 


Total 5,317,427  I 


100,000 
152,744 
104,823 

45,565 
106,993 

88,960 

98,552 
102,863 
149,618 
120,894 
111,669 
114,817 
174,188 
103,910 
105,658 
103,660 
115,709 

99,273 
116,912 
133,147 
151,563 
144, 107 
181,174 
113,988 


2,869,777 


n  Years  of  Presidential  inaugurations. 


MEETINGS   AND   LECTURES. 

During  the  first  half  of  the  year  the  lecture  hall  was  utilized  for  the 
prepamtion  and  packing^  of  a  part  of  the  exhibits  for  the  Louisiana 
Purchase  Exposition.  After  January  1,  1904,  however,  it  was  fre- 
quently used  for  its  legitimate  purposes. 

A  series  of  Saturday  afternoon  lectures,  under  the  auspices  of  the 
Biological  Society  of  Washington,  was  given  as  follows: 

February  20,  Exploration  of  the  Deep  Sea,  by  Mr.  Charles  H.  Town- 
send;  February  27,  The  Living  Forest,  by  Mr.  (xifford  Pinchot; 
March  5,  A  Natui*alist\s  Winter  in  Mexico,  by  Mr.  E.  W.  Nelson; 
March  12,  The  Evolution  of  the  Horse,  by  Prof.  Henry  F.  Osbom; 
March  19,  The  Coast  Region  of  Alaska,  by  Dr.  C.  Hart  Merriam. 

The  attendance  at  these  lectures  varied  from  898  to  1,213  persons — 
far  more  than  the  seating  capacity  of  the  hall. 

The  closing  exercises  of  the  U.  S.  Naval  Medical  School  were  held 
here  on  March  21,  and  those  of  the  U.  S.  Army  Medical  School  on 
April  5. 


Digitized  by  VjOOQ IC 


REPORT    OF    ASSISTANT   SECRETARY.  49 

The  American  Oriental  Society  occupied  the  hall  for  its  annual  meet- 
ing on  April  7  and  8,  and  the  National  Academy  of  Sciences  from 
April  19  to  21,  the  latter  also  being  given  the  use  of  the  rooms  of  the 
Assistant  Secretary  for  its  business  sessions. 

A  lecture  entitled  "  Botanical  tramps  with  a  camera,"  illustrated  by 
stereopticon  views,  was  delivered  on  June  13,  by  Dr.  C.  E.  Waters,  of 
Johns  Hopkins  Univei*sity,  under  the  auspices  of  the  Wild  Flower 
Preservation  Society  of  America. 

CORRESPONDENCE. 

The  Museum,  ever  since  its  establishment,  has  been  looked  upon  by 
the  general  public  as  the  most  convenient  agency  for  obtaining  infor- 
mation on  all  subjects  within  its  scope,  and  scientific  men  and  scientific 
institutions  throughout  the  country  turn  to  it  for  aid  and  advice.  All 
requests  of  this  character,  made  in  evident  good  faith,  have  prompt 
attention,  but  the  work  involved,  steadily  increasing  year  by  year, 
has  become  especially  heavy  and  exacting,  and  consumes  much  of  the 
time  of  both  the  scientific  and  the  clerical  staffs.  The  requests  average 
several  daily,  are  i*arely  confined  to  a  single  subject,  and  often  relate 
to  collections  of  greater  or  less  size  which  are.sent  for  identification. 
They  also  have  reference,  in  many  instances,  to  the  building  up  and 
maintenance  of  collections,  the  construction  of  cases,  the  installation, 
labeling,  and  cataloguing  of  specimens,  and  other  topics  connected 
with  museum  administmtion.  The  replies  made  to  such  inquiries 
during  the  past  3'ear  fill  about  6, (KM)  pages  in  the  letter-press  books, 
this  being  entirely  apart  from  the  ordinary  official  correspondence  of 
the  Museum,  which  alone  is  very  extensive. 

The  correspondence  office  also  has  charge  of  the  distril)ution  of 
publications,  the  number  of  which  sent  out  during  the  year  amounted 
to  about  18,000  volumes  and  39,000  separate  papers.     • 

PUBLICATIONS. 

A  greater  number  of  publications  than  usual  was  issued  during  the 
year,  owing  partly  to  delays  in  completing  volumes  belonging  to  the 
previous  3'ear.  They^  comprised  the  annual  reports  of  the  Museum 
for  1901  and  1902;  volumes  25,  26,  and  27  of  the  Proceedings;  and 
Part  n  of  Special  Bulletin  No.  4,  entitled  *•  American  Hydroids,'' 
being  a  monograph  of  the  family  Sertularidie  by  Prof.  Charles  C 
Nutting,  of  the  University  of  Iowa.  The  last  named  is  a  quarto  vol- 
ume of  325  pages  and  41  plates,  the  result  of  a  painstaking  and  impor- 
tant investigation  of  collections  belonging  to  this  Museum. 

The  annual  report  for  1901  was  received  from  the  Printing  Office 
on  Octol>er  r,,  1903;  that  for  1902  on  March  12,  1904.     The  formei- 
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contains,  besides  the  administrative  report,  the  following  five  papers, 
constituting  the  general  appendix  to  the  volume:  ''An  account  of  the 
exhibit  of  the  National  Museum  at  the  Pan-American  Exposition  in 
Buffalo  in  1901,"  by  F.  W.  True,  William  H.  Holmes,  and  George  P. 
Merrill;  ''Flint  Implements  and  Fossil  Remains  from  a  Sulphur 
Spring  at  Afton,  Indian  Territory,"  by  Mr.  William  H.  Holmes; 
'  •  Classification  and  Arrangement  of  the  Exhibits  of  an  Anthropolog- 
ical Museum,"  by  Mr.  William  H.  Holmes;  "Archeological  Field 
Work  in  Northeastern  Arizona,"  by  Dr.  Walter  Hough;  "Narrative 
of  a  Visit  to  Indian  Tribes  of  the  Purus  River,  Brazil,"  by  Prof.  J.  B. 
Steere.  The  appendix  to  the  report  for  1902  consists  of  a  paper  on 
"Aboriginal  American  Basketry,"  by  Prof.  O.  T.  Mason;  one  on  the 
"Herpetology  of  Porto  Rico,"  by  Dr.  Leonhard  Stejneger;  and  one 
on  "  Wokas,  a  Primitive  Food  of  the  Klamath  Indians,"  by  Mr.  F.  V. 
Coville. 

Of  the  volumes  of  Proceedings,  No.  25  was  issued  on  July  24,1903; 
No.  26  on  August  27,  1903;  and  No.  27  on  June  30,  1904.  The  total 
number  of  papers  comprised  in  the  three  volumes  is  107,  numbered 
consecutively  from  1275  to  1381,  inclusive.  They  are  descriptive, 
either  wholly  or  in  pa-rt,  of  collections  belonging  to  the  Museum. 
The  subjects  treated  of  and  the  number  of  papers  relating  to  each  are 
as  follows:  Mammals,  5;  birds,  10;  reptiles,  2;  fishes,  39;  insects,  19; 
marine  invertebrates,  including  mollusks,  21;  plants,  4;  fossils,  2; 
meteorites,  2;  miscellaneous,  3.  The  authors  are  partly  members  of 
the  Museum  staff  and  partly  collaborators  connected  with  other  estab- 
lishments. 

The  Proceedings  papers  are  first  issued  separately,  in  a  limited 
edition,  as  soon  as  each  can  be  printed,  in  order  to  insure  their  early 
distribution.  The  papers  in  the  annual  reports  are  also  published  in 
separate  form,  but  not  until  the  volume  is  completed.  Except  for  this 
practice,  which  has  long  been  followed,  it  would  be  impossible  to  sup- 
ply the  requests  of  specialists,  the  completed  volumes  being  mostly 
distributed  to  libraries  and  educational  institutions. 

In  Appendix  HI  will  be  found  the  titles  of  all  publications  for 
the  year  by  memlx»rs  of  the  staff  and  collaborators  of  the  Museum. 
The  number  of  papers  cited  is  315  and  the  number  of  authors  89.  The 
papers  aie  grouped  by  subjects  in  the  following  table: 
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Subject. 


I   Papers 
I       by 
Museum 
I  oflBcers. 


Archeology 

Administration. 
BiblioRTaphy . . . 

Biography 

Biology 


I 


Birds 

Botany 

Ethnology 

Exploration 

Fishes 

Fossils 

Geology 

Insects 

Mammals 

Marine  invertebrates 

Minerals 

Mollusks 

Parasites 

Physical  anthropology  . . . 
Reptiles  and  batrachians. 

Technology 

Miscellaneous 


Total. 


13 

10 

4 

2 

14 

10 

4 

100 

21 

7 

1 

16 

1 

3 

5 

1 

4 


Papers 
by  other 
investi- 
gators. 


Total. 


1 

9 

10 

2 

6 

1 

1 

16 

29 

10 

4 

8 

2 

241 


74 


29 
16 

6 

121 

22 

14 

1 
16 

1 

3 

r> 
1 

4 


316 


Twelve  papers  on  Museum  specimens  by  assistants  of  the  Museum 
were,  by  permission  of  the  Secretary  of  the  Smithsonian  Institution, 
printed  in  other  publications  than  those  of  the  Institution,  as  follows: 

Casanowicz,  I.  M. 

Oriental  and  Classical  Archeology  in  the  U.  S.  National  Museum:  DeK-riptifin 
of  the  contents,  installation,  and  arrangement  of  the  Division  of  Historic; 
Archeology  and  Religions.     Records  of  the  Past.     Dec.  12,  1903. 
Miller,  Gerbit  S.,  Jr. 

A  New  Nataline  Bat  from  the  Bahamas.     Proc.  Biol.  J^oc.  Wash.,   Sept.  30, 

1903. 
A  New  Squirrel  from  Lower  Siam.     Proc.  Biol.  Hoc.  Wash.,  Nov.  12,  1903. 
A  New  Hare  from  Greece.     Proc.  Biol.  Soc.  Wash.,  Nov.  12,  1903, 
A  Second  Specimen  of  Euderma  maculatum.     Proc.  Biol.  Soc.  Wash.,  Nov.  30, 

1903. 
Descriptions  of  Two  New  Mole  Rats.     Proc.  Biol.  Soc.  Wash.,  Nov.  30,  1903. 
RiDOWAY,  Robert. 

Descriptions  of  New  Genera,  Species,  and  Subspe<*ies  of  American  Birds.     Proc. 

Biol.  Soc.  Wash.,  Sept.  30,  1903. 
Diagnosis  of  Nine  New  Forms  of  American  Binls.     Proc.  Biol.  Soc.  Wash.,  Nov. 
30,  1903. 
Riley,  J.  H. 

A  New  Form  of  Nighthawk  from  the  Bahama  Islands.     The  Auk,  October,  190.S. 
Rose,  J.  N. 

A  New  Begonia  from  Mexi<'o.     Rep.  Mo.  Hot.  <iarden,  Jan.  28,  1904. 


Digitized  by  VjOOQ IC 


52  REPORT   OP   NATIONAL   MUSEUM,  1904. 

St£jnegbh,  Leonhard. 

A  New  Hognose  Snake  from  Florida.     Proc.  Biol.  Soc.  Wa«h.   Sept.  12,  1903. 
A  New  Lizard  from  the  Rio  Grande  Valley,  Texas.     Proc.  Biol.  Soc.  Wash., 
Dec.  28,  1903. 

The  Editorial  Office  also  has  charge  of  other  printing  than  that  of 
the  publications,  including  labels,  blanks,  stationery,  cards,  eti\,  and 
likewise  of  the  binding  of  books,  which  together  constitute  a  very 
considerable  item. 

LIBRARY. 

The  National  Museum  library  has  received  as  a  gift  from  Prof.  Otis 
Tufton  Mason,  Head  Curator  of  Anthropology,  about  2,(X)0  pamphlets, 
separates  and  bound  volumes,  mostly  on  anthropological  subjects,  for 
which  a  special  bookplate  has  been  provided.  This  is  the  second  gen- 
erous contribution  of  the  same  character  from  Professor  Mason.  Dr. 
Edward  L.  Greene,  recently  appointed  associate  in  botan}^,  hsm  depos- 
ited his  entire  botanical  library,  in  connection  with  his  botanical  col- 
lection, for  a  period  of  ten  3^ears,  the  only  condition  stipulated  being 
that  while  the  books  shall  be  accessible  on  the  same  terms  as  other 
books  in  the  Museum  library  they  are  not  to  be  lent  outside  the  Dis- 
trict of  Columbia  without  the  consent  of  Doctor  (ireene. 

The  Museum  library  now  contains  20,548  bound  volumes  and  85,9t>0 
unbound  papers.  The  additions  during  the  year  consisted  of  1,504 
books,  3,187  pamphlets,  and  700  parts  of  volumes.  There  were  cata- 
logued 938  books,  2,130  pamphlets,  and  11,520  parts  of  periodicals. 
The  number  of  cards  added  to  the  author's  catalogue  was  4,090,  exclu- 
sive of  2,855  cards  for  books  and  pamphlets  recatalogued.  Seventy 
broken  sets  of  periodicals  have  been  completed  or  partly  so.  The 
number  of  books,  pamphlets,  and  periodicals  borrowed  from  the  gen- 
eral library  was  26,456,  including  5,679  assigned  to  the  sectional 
libraries. 

There  has  been  no  change  in  the  sectional  libi-aries,  which  are  as 
follows: 

Administration.  ,  Fishes.  |  Oriental  archeolojry. 

Administrative  assistant.  !  (ieology.  I  Paleol)otany. 

Anthropology.  '  History.  Parasites. 

Biology.  Insects.  Photograj)hy. 

Birds.  Mammals.  Prehistoric  antlirojvtlogy. 

Botany.  Marine  invertebrates.  Rej>tiles. 

Children's  room.  Materia  me<lica.  Stratigraphic  paleontology. 

Comparative  anatomy.  Mesozoic  fossils.  Superintendent. 

Editor.  I  Mineralogy.  Taxidermy. 

Ethnolog>'.  Mollusks.  Technology. 

IMIOTOdUAPIIY. 

The  report  of  the  photographer  of  the  Museum,  Mr.  T.  \V.  Smillie, 
shows  that  1,859  negatives,  3,501  silver  prints,  373  platinum  prints, 
140  velox  prints,  79  lantern  slides,  2,346  blueprints,  and  twoenlarcre- 
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ments  were  made  during  the  year.  Under  the  direction  of  the  Secre- 
tary, Mr.  Sraillie  also  devoted  considerable  time  to  recording  the 
flight  of  birds  by  means  of  telephoto  cameras  stationed  at  elevated 
points  in  the  Zoological  Park.  He  likewise  rendered  assistance  to  the 
Civil  Service  Commission  in  the  examination  of  applicants  for  posi- 
tions in  the  Government  service  requiring  a  practical  knowledge  of 
photography. 

COOPERATION  OF  THE  EXECUTIVE  DEPARTMENTS  OF  THE  GOVERNMENT. 

The  Museum  has  received,  as  usual,  important  assistance  from  sev- 
eral of  the  Departments  and  bureaus  of  the  Government.  Its  relations 
to  the  U.  S.  Geological  Survey,  the  Bureau  of  Fisheries,  the  Biolog- 
ical Survey  and  Divisions  of  Entomology  and  Botany  of  the  Depart- 
ment of  Agriculture,  and  the  Bureau  of  American  Ethnology, 
especially  in  regard  to  the  transfer  of  collections,  have  been  referred 
to  elsewhere.  Officers  of  the  Army  and  Navy  stationed  in  the  new 
possessions  have  made  valuable  contributions,  and  representatives 
abroad  of  the  Department  of  State  have  been  instrumental  in  securing 
interesting  material.  The  Departments  of  War  and  of  the  Navy  have 
rendered  generous  help  toward  building  up  the  collections  of  history 
and  of  the  implements  of  war,  having  presented  and  deposited  during 
the  year  many  objects  of  exceeding  interest  and  value.  The  Army 
Medical  Museum  has  also  cooperated  most  liberally  in  promoting  the 
welfare  of  the  recently  established  Division  of  Physical  Anthropology. 
Special  acknowledgments  are  due  to  the  Quartermasters'  Department 
of  the  Army  for  many  courtesies  in  connection  with  the  transporta- 
tion of  specimens  and  outfits  to  and  from  distant  points,  and  to  the 
Treasury  Department  for  the  prompt  admission  and  shipment  to 
Washington  of  specimens  received  from  abroad  at  several  of  the 
custom-houses. 

EXPOSITIONS. 

Louisiana  Purcltase  Eaoposition. — The  exhibits  of  the  National  Mu- 
seum, together  with  those  of  the  Smithsonian  Institution  and  of  the 
other  Government  branches  under  its  direction,  were  practically  all  in 
place  in  the  Government  building  at  St.  Louis  on  the  opening  day, 
April  30, 19()4.  Under  the  direction  of  Dr.  F.  W.  True,  who  represents 
the  Institution  and  the  Museum  on  the  Government  board,  no  pains 
have  been  spared  to  make  this  display  both  interesting  and  noteworthy. 

The  anthropological  exhibits  of  both  the  Museum  and  the  Bureau 
of  American  Ethnology  were  assembled  under  the  supervision  of  Mr. 
W.  H.  Holmes,  whose  principal  aim  in  the  former  connection  has  been 
to  illustrate  the  higher  culture  of  the  native  American  peoples  as  shown 
in  their  arts  and  industries,  the  specimens  selected  being  as  far  as  pos- 
sible the  most  typical  of  their  kind.     Among  them  are  examples  of> 
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native  architecture,  sculpture,  ceramics,  fabrics,  metal  work,  and  of  the 
development  in  water  craft,  musical  instruments,  pipes,  ceremonial 
objects,  etc.  The  most  striking  feature  of  the  exhibit  is  a  series  of 
five  models  of  ancient  Aztec  ruins  in  Mexico;  namely,  the  "Temple 
of  the  Cross"  at  Palenque,  Chiapas;  the  '* Temple  of  the  Columns"  at 
Mitla,  Oaxaca;  the  temple  of  Xochicalco  at  Momles;  the  ''Castle"  at 
Chichen-Itza,  Yucatan;  and  the  ''House  of  the  Governor"  at  Uxmal, 
Yucatan.  The  collection  also  contains  a  number  of  plaster  casts  of 
some  of  the  most  famous  religious  sculptures  of  the  Assyrians,  Egyp- 
tians, Greeks,  and  Romans. 

In  biology  the  most  conspicuous  objects  are  the  cast  and  skeleton 
of  a  sulphur-bottom  whale,  about  80  feet  long,  taken  oflf  the  coast  of 
Newfoundland.  Many  of  the  larger  mammals  of  the  world  are  repre- 
sented by  especiall}'  fine  examples  of  the  art  of  taxidermy,  among  them 
being  the  hippopotamus,  rhinoceros,  lion,  tiger,  giraffe,  moose,  cari- 
bou, axis-deer,  sambur-stag,  antelope,  wild  sheep,  chamois,  etc.,  and 
many  birds  of  popular  interest,  such  as  game  birds,  birds  of  paradise, 
pheasants,  the  vulture,  pelican,  etc.  A  specimen  of  the  curious  hoact- 
zin  of  Guiana,  South  America,  with  its  nest,  eggs,  and  young,  occupies 
a  case  by  itself,  and  the  great  egg  of  the  ^Epyornis,  a  now  extinct 
bird  of  Madagascar,  is  represented.  Deep-sea  fishes  and  some  of  the 
large  species  of  reptiles  are  shown  in  the  form  of  models,  and  there  is 
also  a  fine  display  of  butterflies,  including  many  large  and  brilliant 
forms  from  tropical  America  and  the  Old  World.  An  especially  inter- 
esting feature  is  a  reproduction  of  the  "Children's  Room"  in  the 
Smithsonian  building  at  Washington. 

The  most  striking  specimens  in  the  Department  of  Geology  are 
restorations  of  the  large  extinct  Stegosaur  and  Trice mtops,  along- 
side of  which  have  been  placed  the  skeletons  of  a  mastodon  and  an 
elephant,  by  way  of  contrast.  Dr.  George  P.  Merrill,  in  charge  of 
this  Department,  has  also  brought  together  a  very  interesting  collec- 
tion of  meteorites,  including  casts  of  some  of  the  largest  one^  known, 
such  as  that  discovered  by  Lieutenant  Peary  in  Greenland,  and  the 
Bacubarito  meteorite  found  in  the  State  of  Sinaloa,  Mexico.  The 
mineral  exhibit  embraces  some  of  the  most  beautiful  varieties  from 
all  parts  of  the  world,  and  is  supplemented  by  two  other  collections, 
showing  the  various  forms  of  silica  and  of  carbonate  of  calcium. 
Among  the  fossil  invertebrates  are  many  interesting  forms,  and 
among  the  vertebrates  are  fishes,  reptiles,  a  pterodactyl,  and  a  com- 
plete skeleton  of  a  moa,  a  large  extinct  flightless  bird. 

The  official  report  upon  the  exposition  by  Doctor  True  will  appear 
in  the  next  annual  report. 

Lefioh  and  Clark  Exposition . — On  April  18,  1904,  the  President  of 
the  United  States  approved  the  bill  (S.  276)  providing  for  the  celebra 
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tion  of  the  one-hundredth  anniversary  of  the  exploration  of  the 
Oregon  country  by  Captains  Meriwether  Lewis  and  William  Clark. 
The  bill  authorizes  a  Government  exhibit  in  this  connection,  and 
appropriates  $200,000  for  its  preparation,  as  well  as  $250,000  for  a 
building. 

INTERNATIONAL  CONGRESSES. 

At  the  Ninth  International  Geological  Congress,  held  at  Vienna, 
Austria,  from  August  20  to  2Y,  1903,  the  Smithsonian  Institution  and 
National  Museum  were  represented  by  Mr.  Charles  Schuchert,  assist- 
ant curtitor  of  stratigraphic  paleontology.  The  total  attendance  at  this 
congress  from  the  United  States  was  22,  papers  being  read  b}^  three 
of  the  number,  namely.  Prof.  C.  R.  Van  Hise,  of  the  University  of 
Wisconsin;  Mr.  Bailey  Willis,  of  the  U.  S.  Geological  Survey,  and 
Dr.  E.  O.  Hovey,  of  the  American  Museum  of  Natural  History. 

Delegates  appointed  before  the  end  of  the  fiscal  year  to  congresses 
to  be  held  during  the  summer  of  1904  were  as  follows:  Dr.  Leon- 
hard  Stejneger,  curator  of  reptiles  and  batrachians,  Mr.  Gerrit  S. 
Miller,  jr.,  assistant  curator  of  mammals,  and  Dr.  C.  W.  Stiles,  cus- 
todian of  the  helminthological  collections,  to  the  Sixth  International 
Congress  of  Zoology,  at  Berne,  Switzerland,  during  August;  and  Mr. 
William  H.  Holmes,  Chief  of  the  Bureau  of  American  Ethnology,  to 
the  Congress  of  Americanists  at  Stuttgart,  during  the  same  month. 
These  same  persons  were  also  designated  by  the  Department  of  State 
as  official  representatives  of  the  United  States. 

Dr.  Paul  Haupt,  honorary  curator  of  historic  archeology,  was 
appointed,  on  April  30,  1904,  to  represent  the  Smithsonian  Insti- 
tution and  National  Museum  at  the  Fourteenth  International  Congress 
of  Orientalists,  to  be  held  in  Algiers  in  April,  1905. 

ORGANIZATTON    AND   STAFF. 

The  classification  of  the  scientific  departments  of  the  Museum 
remains  as  indicated  in  the  report  for  last  year,  with  the  following 
exceptions:  The  title  of  the  "division  of  religions"  has  been  changed 
to  "division  of  historic  religions,"  with  Dr.  Cyrus  Adler  as  hon- 
orary curator,  and  the  former  "section  of  historic  religious  cere- 
monials" has  been  abolished.  That  of  the  "division  of  history  and 
biogi'aphy"  has  been  changed  to  "division  of  history,"  with  Mr.  A. 
Howard  Clark  as  honorary  curator  and  Mr.  Paul  Beckwith  as  assist- 
ant curator,  the  "section  of  American  history"  being  omitted.  The 
"section  of  electricity"  has  been  abolished,  Mr.  George  C.  Maynard, 
who  was  in  charge  of  that  section,  being  the  assistant  curator  of  the 
division  of  technology. 
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Mr.  William  H.  Holmes,  formerly  Head  Curator  of  the  Department 
of  Anthropology,  but  now  Chief  of  the  Bureau  of  American  Ethnol- 
ogy, has  accepted  the  position  of  honorary  curator  of  the  division  of 
prehistoric  archeology,  and  Mr.  J.  D.  McGuire,  also  of  the  Bureau 
of  Ethnology,  that  of  collaborator  in  the  same  division.  Other  appoint- 
ments have  been  made  as  follows:  Dr.  Edward  L.  (ireene,  formerly 
professor  of  botany  in  the  Catholic  University  of  America,  associate 
in  botany;  Mr.  Paul  Brockett,  custodian  of  the  division  of  graphic 
arts,  and  Mr.  J.  S.  Goldsmith  as  superintendent  of  construction  and 
labor,  being  a  part  of  the  service  performed  by  the  late  Dr.  J.  E. 
Watkins.  The  appointment  of  Mr.  Walter  L.  Hahn,  as  aid  in  the 
division  of  mammals,  in  1902-03,  inadvertently  failed  to  receive  men- 
tion in  the  last  report. 

A  number  of  members  of  the  scientific  staff  have  severed  their  con- 
nection with  the  Museum,  all  at  their  own  volition,  to  accept  positions 
elsewhere  at  higher  compensation.  Among  these  were  Mr.  F.  A. 
Lucas,  curator  of  comparative  anatomy,  who  has  become  curator-in- 
chief  of  the  Museum  of  the  Brooklyn  Institute  of  Arts  and  Sciences; 
Mr.  Louis  Pollard,  assistant  curator  in  the  division  of  plants;  Mr. 
Rolla  P.  Currie,  aid  in  the  division  of  insects;  and  Mr.  W.  C.  Phalen, 
aid,  Messrs.  R.  S.  Bassler  and  Alvan  S.  Stewart,  preparators,  in  the 
Department  of  Geology. 

Dr.  Marcus  W.  Lyon,  jr.,  of  the  division  of  mammals,  who  on 
November  1,  1902,  was  temporarily  transferred  to  the  service  of  the 
Smithsonian  Institution  and  its  bureaus  in  connection  with  the  exhibit 
at  the  Louisiana  Purchase  Exposition  as  chief  special  agent,  is  still 
employed  in  that  capacity. 

NECROLOGY. 

It  is  with  deep  regret  that  I  have  to  record  the  death,  on  August 
11,  1903,  of  Dr.  J.  Elfreth  Watkins,  whose  official  connection  with 
the  National  Museum  extended  almost  continuously  over  a  period  of 
nearly  twenty  years. 

Dr.  Watkins  was  born  in  Ben  Lomond,  Virginia,  on  May  17,  1852, 
his  parents  being  Dr.  Francis  B.  Watkins  and  Mary  Elfreth.  He 
was  a  descendant  of  Thomas  Watkins,  who,  during  the  War  of  the 
Revolution,  aided  in  organizing  a  troop*  of  cavalry,  while  on  his 
mother's  side  he  was  connected  with  Timothy  Matlack,  known  as  the 
'' Fighting  Quaker,"  a  member  of  the  Committee  on  Safety  in  Penn- 
sylvania, and  later  a  delegate  to  the  Continental  Congress  from  1780 
to  1787;  and  also  with  John  Elfreth,  who  served  in  the  Philadelphia 
City  Troops  in  1814. 

After  receiving  an  academic  education  at  Tremont   Seminarv   in 
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Morristown,  Pennsylv-ania,  young  Watkiiis  entered  Lafayette  College, 
from  whieh  he  was  graduated  in  1871,  with  the  degrees  of  C.  E.  and 
M.  S.  He  then  became  connected,  as  mining  engineer,  with  the 
Delaware  and  Hudson  Canal  Company,  remaining  one  year,  after 
which  he  entered  the  employ  of  the  Pennsylvania  Railroad  Company 
as  assistant  engineer  of  construction.  In  1873  he  was  disabled  for 
field  work  })y  an  accident, ^which  resulted  in  the  loss  of  his  right  leg. 
Upon  his  recovery  he  was  assigned  to  the  Amboy  division  of  the 
Pennsylvania  road.  In  the  same  year  he  was  appointed  chief  clerk 
of  the  Camden  and  Atlantic  Railroad,  and  a  year  later  was  reassigned 
to  the  Amboy  division  of  the  Pennsylvania  Railroad,  which  position 
he  held  until  1886,  two  years  after  the  beginning  of  his  connection 
with  the  National  Museum. 

His  first  connection  with  the  Museum  was  in  1884,  when  he  was  ap- 
pointed '^honorary  curator  of  transportation."  In  1886  he  accepted 
a  salaried  position  in  the  service  of  the  Museum,  to  which  he  devoted 
all  of  his  time  until  1892,  when  he  returned  to  the  Pennsylvania  Rail- 
road Company  and  at  once  began  the  preparation  of  its  exhibits  for 
the  World's  Columbian  Exposition  in  Chicago.  Later  he  was  placed 
in  charge  of  the  Department  of  Industrial  Arts  in  the  Field  Columbian 
Museum,  a  direct  outgrowth  of  the  exposition.  He  reniained  there 
only  one  year,  however,  coming  back  to  Washington  in  1895  to  fill 
the  positions  of  curator  of  mechanical  technology  and  superintendent 
of  buildings  in  the  National  Museum,  which  he  held  until  his  death. 

In  1891  he  became  very  active  in  promoting  the  interests  of  the 
Patent  Centennial  Celebration  held  in  Washington,  and  served  as  sec- 
retary of  the  executive  committee. 

Doctor  Watkins  was  a  member  of  several  patriotic  and  other  socie- 
ties, including  the  American  Society  of  Civil  Engineers,  the  Society  of 
Colonial  Wars,  the  Society  of  the  Sons  of  the  Revolutipn,  the  Society 
of  the  War  of  1812,  and  the  Philosophical  Society  of  Washington.  In 
recognition  of  his  standing  among  authorities  on  the  history  of  the 
mechanical  arts  the  Stevens  Institute  of  Technology  conferred  upon 
him  the  degree  of  '* doctor  of  engineering"  in  1900. 

Among  the  best  known  of  his  published  writings  are  "Beginnings 
of  Engineering"  (1888);  ''The  Development  of  the  Rail  and  Track" 
(1889);  "The  Log  of  the  Savannah"  (1890);  and  "  Transportation  and 
Lifting  of  Heavy  Bodies  by  the  Ancients  "  (1898).  His  most  extensive 
literary  undertaking  was  the  compilation  of  the  history  of  the  Penn- 
sylvania Railroad  from  1845  to  1896  (as  yet  unpublished),  which  also 
constitutes  a  very  complete  exposition  of  the  general  subject  of  rail- 
road transportation  in  the  United  States  during  the  half  century. 

Mr.  Henry  Marshall,  taxidermist  of  the  division  of  birds,  during  a 
period  of  nearly  thirty  years,  died  on  May  26,  1904.     He  was  born  at 
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Oldham,  Yorkshire  County,  England,  in  1823  and  in  1846  emigrated 
to  America,  soon  thereafter  purchasing  a  farm  at  Laurel,  Maryland, 
which  remained  his  home  until  the  time  of  his  death.  He  first  engaged 
in  business  as  a  machinist,  in  partnership  with  a  brother;  but  having 
when  a  young  man  learned  taxidermy,  he  cultivated  it  as  a  recreation 
and  partly  as  a  matter  of  business,  many  colleges  and  other  public 
institutions  being  supplied  with  specimens  of  his  handiwork.  In  1875 
he  was  appointed  to  the  position  of  taxidermist  in  the  National 
Museum,  where  he  ex)ntinued  in  service  until  stricken  with  paralysis 
on  July  16,  1901. 
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REPOBT   OH  THE   DEPABTMEHT   OF   AHTHEOPOLOGT 
FOB  THE  TEAB  1903-04. 

By  Otis  T.  Mason, 
Acting  Head  Curator. 

The  work  of  the  year  has  been  devoted  to  the  care  of  specimens  in 
hand  and  of  new  materials  daily  arriving,  to  finding  safe  and  accessible 
storage  for  collections  not  on  exhibition;  but,  more  than  all,  to  making 
the  department  useful  ''for  the  increase  and  diffusion  of  knowledge." 

Although  the  specimens  received  number  over  5,000  less  than  in  the 
previous  year,  when  24,319  were  catalogued,  they  were  on  the  whole 
as  valuable,  for  the  reason  that  besides  those  acquired  without  definite 
aim  very  many  were  secured  for  the  purpose  of  perfecting  old  series 
or  of  making  new  ones  to  illustrate  special  points  in  anthropology. 
Some  of  the  more  valuable  accessions  are  here  enumerated: 

GIFTS. 

The  W.  L.  Abbott  collection,  numbering  1,377  specimens  from  the 
Malay  Peninsula,  northern  Sumatra,  and  the  adjacent  archipelago, 
adds  materially  to  the  resources  of  the  Museum  from  thrs  almost 
virgin  area.  These,  with  his  gatherings  in  former  years  from  the 
FoLst  Indies  and  other  parts  of  Asia,  form  a  most  valuable  addition  to 
the  Museum,  and  constitute  the  basis  of  a  monograph  on  the  ethnology 
of  the  regions  explored  by  Doctor  Abbott,  now  in  course  of  prepara- 
tion by  Profeasor  Mason  and  Doctor  Hough.  The  collection  illustmtes 
the  arts  of  the  people  of  this  region,  who  are  especially  skillful  in  the 
use  of  plant  and  vegetable  materials,  of  which  the  most  serviceable  is 
rattan.  Besides  the  ethnological,  there  are  also  specimens  in  physical 
anthropology,  consisting  of  Moro  skulls  and  monkey  and  ape  brains. 

Of  unasual  interest  and  value  is  the  collection  of  278  ancient  Egyptian 
chipped  stone  specimens  presented  by  Mr.  H.  W.  Seton-Karr,  which 
includes  crescent-shaped  implements,  leaf-shaped  and  semilunar 
blades,  spearheads,  saws,  scrapers,  a  fine  collection  of  arrow  points  with 
extremely  long  barbes,  knives  with  handles  in  one  piece,  and  a  number 
of  specialized  forms  for  cutting.     Mr.  Seton-Karr  writes: 

They  are  all  from  the  Fayuin,  an<l  are  of  a  type  mainly  peculiar  to  that  district. 
They  were  found  in  the  desert  ahout  10  miles  from  present  cultivation,  the  ancient 
prehistoric  lake  having  a  much  higher  level  than  the  dynastic  or,  of  course,  the 
present  one.  p.g.,.^^^  ^^  QpOgk 
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There  was  also  secured  a  large  and  representative  series  of  archeo- 
logical  specimens,  part  of  a  bequest  to  the  U.  S.  National  Museum,  in 
1898,  by  the  late  I.  H.  Harris,  of  Waynesville,  Ohio.  The  archeo- 
logical  portion  was  placed  in  the  division  of  prehistoric  archeology, 
and  consists  mainly  of  stone  implements,  including  hammer  stones, 
pestles,  mortars,  grooved  axes,  polished  hatchets,  discoidal  stones, 
polished  stone  anmlets,  beads,  pipes,  leaf -shaped  blades,  arrow  points 
and  spearheads,  scrapers,  drills,  shell  beads,  carvings,  and  a  limited 
number  of  copper  implements  and  ornaments.  A  catalogue  was  fur- 
nished, giving  exact  data  for  a  portion  of  the  collection.  A  number 
of  other  specimens  had  the  locality  marked  upon  them,  and  from  this 
source  as  well  as  from  letters  and  memoranda,  it  is  shown  that  the 
material  was  obtained  mainly  from  a  few  spots  in  the  Miami  Valley, 
Ohio.  There  is,  in  addition,  a  typical  series  of  earthenware  vessels 
from  mounds  near  Charleston,  Missouri.  The  w  hole  embraces  8.583 
numbers,  although  several  lots  of  small  flakes  and  fragments  are 
counted  as  one  number. 

The  ethnological  and  historical  collections  from  the  Philippine 
Islands  presented  to  the  Museum  by  Dr.  E.  A.  Me-arns,  U.  S.  Army, 
are  especially  interesting  and  valuable  from  the  fact  that  they  were 
secured  personally  in  the  campaign  against  the  Moros  of  Mindanao  b}' 
an  experienced  observer.  They  comprise  many  specimens  not  hereto- 
fore in  the  National  Museum,  and  are  rich  in  weapons,  basketry,  and 
the  fine  brasswork  for  which  the  Moros  are  so  famous. 

An  important  addition  to  the  historical  division  is  the  gilt  dress 
sword  presented  to  Gen.  Jacob  Brown  })y  the  State  of  New  York  for 
services  in  the  war  of  1812.  This  sword  was  received  a-s  a  gift  from 
his  grandson,  Nathan  Brown  C'hase. 

Other  interesting  specimens  received  during  the  year  are  a  serenato 
saxophone,  with  accessories  and  instructions,  presented  by  William 
Tonk  &  Bro.,  of  New  York,  which  tills  a  niche  in  the  collection  of 
musical  instruments;  a  i*are  flintlock  pistol  with  folding  bayonet, 
made  by  Miles,  London,  and  presented  by  Mr.  Paul  E.  Beckwith. 

A  collection  of  Morse  keys,  insulators,  and  other  important  his- 
torical apparatus  used  on  telegraph  lines  in  the  United  States  about 
18t)0,  was  presented  by  the  Pennsylvania  Railroad  (Company  through 
C\  E.  McKim,  su|K?rintendent  of  telegraphs  at  Pittsburg;  a  telegraph 
switch,  invented  al>out  IS.55  by  E.  W.  Culgan,  of  Pittsburg,  Pennsyl- 
vania, and  used  generally  throughout  the  United  States  up  to  ISO."), 
presented  by  Mr.  C.  S.  Greer,  of  Zanesville,  Ohio;  a  series  of  speci- 
mens illustrating  the  development  of  the  hand  camera,  donated  by  the 
Eastman  Kodak  Uompany,  of  Rochester,  New  York;  a  collection  of 
native  firearms  from  the  Philippine  Islands,  presentinl  by  the  President 
of  the  United  States;  and  a  series  of  heliogmvures  of  IIellenisti<*  por- 
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traits,  useful  in  connection  with  the  study  of  the  physiognomy  of  the 
nations,  was  given  by  Theodor  Graf,  of  Vienna,  Austria. 

PURCHASES. 

During  the  year  the  Museum  acquired  by  purchase  the  large  archeo- 
logical  collection  from  various  European  localities  (11,519  specimens), 
and  a  smaller  collection  (7,815  specimens)  of  American  objects,  belong- 
ing to  the  estate  of  the  late  Dr.  Thomas  Wilson.  The  European 
collection  covers  a  wide  range,  beginning  with  the  roughl}'  shaped 
flint  implements  from  the  river  gravels  of  England  and  France,  and 
ending  with  the  more  highly  elaborated  objects  of  the  polished  stone 
age  and  the  bronze  age.  The  more  important  groups  from  Europe 
include  objects  of  stone,  bone,  pottery,  and  bronze  from  the  Swiss 
lakes;  a  fine  series  of  chipped  and  polished  stone  implements  from 
Scandinavia;  and  pottery  and  bronzes  from  Italy.  Of  the  American 
series,  the  most  notable  are  the  large  collection  of  stone  implements, 
et<*.,  from  Fairfax  County,  Virginia  (the  Hunter  collection);  two  sets 
of  cache  implements,  one  including  18  leaf -shaped  blades  of  quart- 
zite  from  Carter  County,  Tennessee;  and  14  large  spearheads  of 
quartzite  from  Pike  County,  Arkansas. 

A  collection  of  4  house  posts  and  2  totem  poles  was  purchased  from 
Dr.  George  A.  Doi*sey  for  exhibition  at  St.  Louis.  The  house  posts, 
hew^n  from  yellow  cedar,  are  very  interesting  specimens,  and  were 
S4*cured  personally  by  Doctor  Dorsey  from  a  Tlinkit  village.  Each 
pair  is  10  feet  in  height,  2i  feet  in  breadth,  and  nearly  4  inches  in 
thickness.  The  posts  are  carved,  and  two  of  them  are  of  csi^ecial 
interest  owing  to  the  fact  that  they  are  painted.  The  totem  poles  rank 
among  the  best  examples  of  wood  carving  from  the  Northwest  Coast. 

Owing  to  the  widespread  popular  interest  in  basketry,  a  number  of 
collections  were  offered  to  the  Museum,  and  of  these  54  fine  examples 
of  Nez  Perc^,  Chemehuevi,  and  Maidu  baskets  were  purchased  from 
the  Fred  Harvey  collection,  rendering  more  complete  the  large  and 
valuable  series  now  displayed  in  the  north-west  gallery. 

A  collection  of  48  examples  of  aboriginal  art  from  southeastern 
Alaska,  consisting  of  carved  clubs,  knives,  figures,  dishes,  chests,  and 
embroidered  blankets,  was  purchased  fi'om  Lieut.  G.  T.  Emmons, 
U.  S.  Navy,  whose  long  familiarity  with  the  tribes  of  this  region 
enhances  their  value. 

The  purchase  of  14  specimens  of  crania  of  the  Wasco  Indians  from 
the  Fred  Harvey  collection  made  an  important  addition  to  the  division 
of  physical  anthropology. 

A  series  of  models  of  steamboat  propellers,  dating  from  108 1  to  lS25, 
and  illustrating  the  development  of  this  feature  of  marine  architecture 
for  that  period,  were  purchased  from  Mr.  Emil  Wellauer. 
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Casts  of  Assyro-Babylonian,  Egyptian,  and  Grseco-Roman  sculp- 
tures were  purchased  from  various  dealers  in  England,  France,  Italy, 
and  the  United  States.  In  this  collection  is  a  stele  engraved  with  the 
code  of  laws  of  the  Babylonian  King,  Hammurabi,  which  is  of  peculiar 
interest,  as  it  aids  in  portraying  the  civilization  of  Babylon  more  than 
four  thousand  years  ago. 

EXCHANGES. 

Among  the  specimens  acquired  through  exchange  during  the  year 
may  be  mentioned  copies  of  rare  musical  instruments  received  from 
Mrs.  John  Crosby  Brown,  in  exchange  for  similar  material;  and  28 
specimens  illustrative  of  the  folklore  of  England  and  Ireland  from 
Edward  Lovett,  Esq.,  Cro^'don,  England,  in  exchange  for  American 
Indian  specimens. 

TRANSFERS   AND   LOANS. 

A  very  interesting  collection  numbering  550  specimens  was  secured 
b}'  J.  Walter  Fewkes,  of  the  Bureau  of  American  Ethnology.  It 
includes  objects  from  the  islands  of  Trinidad,  Grenada,  Cariaco,  St. 
Vincent,  Barbados,  Dominica,  Porto  Rico,  and  Cuba.  The  most  nota- 
ble of  these  are  stone  collars,  tripointed  stone  zemos,  earthenware 
bowls  of  unique  form  and  decoration,  and  a  series  of  carved  stone 
masks  and  amulets.  There  are  also  polished  hatchets  and  chisels,  axes 
of  the  Carib  type,  sculptured  pestles,  mortiirs,  beads  of  stone,  shell 
hatchets,  and  grotesque  heads  and  faces  used  as  decorations  of  pottery 
vessels.  This  collection  was  made  systematically  with  a  view  to  work- 
ing out  the  ancient  connections  between  the  two  continents  of  North 
and  South  America. 

A  large  number  of  archeological  objects  from  various  caverns,  rock- 
shelters,  and  village  sites  in  the  Ozark  region  in  Missouri  and  Arkan- 
sas, collected  by  William  H.  Holmes,  were  obtained  by  transfer  from 
the  Bureau  of  American  Ethnology.  These  include  chipped  flint 
implements,  ranging  from  roughly  worked  pieces  and  blades  to  well- 
finished  arrow  points,  spearheads,  and  scrapers;  hanmier  and  rubbing 
stones,  bone  implements,  fragments  of  pottery,  pieces  of  basket  work, 
woven  falwics,  twisted  cords  made  from  the  vegetable  fiber,  cave 
breccia  containing  flints,  animal  bones  (mainly  split),  and  a  few  human 
bones.  The  objects  are  exceptionally  well  classified.  The  position, 
whether  in  caves,  village  sites,  bottom  lands,  etc.,  is  carefully  marked, 
and  in  addition  there  aie  furnished  two  maps  and  four  charts  upon 
which  the  different  localities  are  indicated.  The  collection,  which 
numl)ers  2,710  specimens,  is  a  notable  addition  to  the  Museum,  as  it 
represents  material  from  new  areas. 
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The  division  of  physical  anthropology  has  been  enriched  by  over 
2,000  crania  and  skeletons  transferred  from  the  Army  Medical  Museum. 

During  the  last  few  years  the  curator  of  the  division  of  technology 
has  made  special  effort  to  increase  the  series  illustrating  the  develop- 
ment of  firearms.  Recently  there  has  been  lent  by  Col.  Wright  Rives 
a  finely  finished  44-caliber  rifle,  made  by  Henry  Deringer,  Philadel- 
phia, Pennsylvania,  and  often  used  for  target  practice  by  David 
Crockett  and  other  friends  of  Mr.  Rives.  This  was  the  rifle  used  by 
W.  J.  Graves  in  his  duel  with  Jonathan  Cilley  in  1838. 

There  may  also  be  mentioned  a  valuable  series  of  sporting  rifles, 
collected  by  Mr.  Herman  Hollerith  in  Mitchell  County,  North  Caro- 
lina, in  1893,  and  lent  by  him  to  the  Museum.  These  are  typical 
specimens  of  sporting  guns  used  throughout  the  United  States  up  to 
about  1850.  They  are  provided  with  homemade  powderhorns,  pow- 
der charges,  turkey  calls,  and  other  appliances,  showing  the  skill  of 
the  early  backwoodsman. 

A  collection  of  rifles,  muskets,  carbines,  and  revolvers  has  been 
transferred  to  the  National  Museum  by  the  Ordnance  Office  of  the 
War  Department.  These  weapons  include,  besides  the  guns  manu- 
factured by  the  Government  for  many  years,  fine  specimens  made  by 
private  firms  for  the  Government.  There  is  one  remarkable  example, 
which  is  a  7-barrel  flintlock  revolving  gun,  with  11-inch  barrels, 
caliber  .50,  fastened  to  a  central  frame  and  revolved  by  hand,  to  bring 
each  barrel  successively  under  a  common  flash  pan. 

Another  especially  rare  and  valuable  loan  from  the  War  Depart- 
ment is  the  Ferguson  breech-loading  rifle,  which  it  has  been  claimed 
is  the  only  one  of  its  kind  in  existence.  It  was  invented  and  patented 
in  England  in  1775-76  by  Maj.  Patrick  Ferguson,  of  the  British  Army, 
and  was  manufactured  by  Mr.  D.  Egg,  of  London.  This  gun  was 
presented  by  Major  Ferguson  to  Capt.  Frederick  de  Peyster  and 
bequeathed  by  him  to  his  son.  Gen.  eTohn  Watts  de  Peyster. 

To  the  division  of  history  there  has  been  added  a  number  of  objects 
illustrating  the  colonial  and  Revolutionary  periods,  including  inter- 
esting relics  received  from  Gen.  John  Watts  de  Peyster,  who  has 
during  the  last  few  years  presented  his  Napoleonic  library  to  the 
Smithsonian  Institution.  Mention  may  also  be  made  of  the  sword  and 
epaulets  worn  by  Gen.  Alexander  McComb,  U.  S.  Army,  a  loan  from 
Mi-s.  F.  C.  d'Hautville,  and  of  a  fine  portrait  in  oil  of  George  Catlin, 
the  Indian  portrait  painter,  received  from  Mrs.  Louise  Catlin  Kinney. 
The  portrait,  which  is  an  excellent  likeness,  was  painted  in  1849  by 
Mr.  W.  H.  Fisk,  R.  A.  It  adds  much  to  the  interest  of  the  great 
collection  of  Indian  portraits  given  to  the  Museum  many  years  ago. 

As  a  result  of  the  war  with  Spain  in  1898  tlie  Museum  has  gradually 
acquired  a  large  number  of  objects  illustrating  the  history  of  the  peo- 
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pie  of  our  insular  possessions.  During  the  past  year  Dr.  R.  B.  Grubb, 
U.  S.  Army,  added  to  his  collection  53  specimens  from  the  Moros  of 
western  Mindanao,  Philippine  Islands,  consisting  of  edged  weapons, 
spears,  armor,  ceremonial  objects,  matting  and  costumes  of  these 
interesting  and  warlike  people. 

EXPIX)RATION8. 

Dr.  J.  Walter  Fewkes,  of  the  Bureau  of  American  Ethnology,  con- 
tinued his  researches  in  the  West  Indies,  visiting  Cuba,  Porto  Rico, 
and  other  islands  as  far  south  as  Trinidad.  His  collection  contains 
many  notable  objects"  in  carved  stone,  as  zemes,  or  tripointed  idols, 
masks,  amulets,  pottery  of  rare  forms,  and  implements  and  utensils  of 
hard,  finely-polished  rock. 

Field  work  in  New  Mexico  and  Arizona  was  carried  on  by  Dr. 
Walter  Hough,  assistant  curator  of  the  division  of  ethnology,  who 
succeeded  in  obtaining  a  valuable  collection  of  basketry,  pottery,  stone, 
bone,  wood,  and  shell  implements,  weapons,  ornaments,  and  ceremonial 
objects  from  a  region  heretofore  unexplored.  Ruins  near  Magdalena, 
Datil,  along  the  upper  Tulerosa  River  at  Frisco,  and  near  Luna, 
New  Mexico,  were  examined.  The  last  named  were  excavated  and 
important  data  and  specimens  were  collected.  A  reconnoissance  of 
cave  and  cliff  ruins  in  this  region  was  made  and  a  number  of  specimens 
secured.  At  the  close  of  the  work  Doctor  Hough  proceeded  north- 
westward by  way  of  Alpine,  Nutrioso,  Springerville,  and  St.  Johns,  to 
the  Santa  Fe  Railroad  at  Holbrook,  Arizona.  During  his  trip  he  trav- 
ersed a  stretch  of  countr}^  270  miles  wide  between  points  on  the  rail- 
roads. The  object  of  Doctor  Hough  was  to  cut  across  lines  of  north 
and  south  migration  of  peoples  in  early  times,  and  in  this  respect  much 
valuable  information  was  gathered. 

In  May,  Mr.  George  C.  Maynard  commenced  a  special  investigation 
of  the  history  of  the  locomotive  "  Stourbridge  Lion,"  with  a  view  to 
clearing  up  some  unsettled  questions  relating  to  the  authenticity  of 
parts  of  the  locomotive  in  the  custody  of  the  Museum,  as  well  as  to 
determine  the  whereabouts  of  other  parts  now  in  the  possession  of 
private  parties.  He  visited  Honesdale,  Carbondale,  Pittston,  Scran- 
ton  and  other  places  in  Pennsylvania^  where  he  obtained  much  valuable 
information. 

Mr.  Paul  E.  Beckwith,  assistant  curator  in  the  division  of  history, 
acting  under  special  directions  from  the  Assistant  Secretary,  spent  the ' 
month   of  June  at  the  Louisiana    Purchase  F  .position   examining 
certain  anthropological  collections. 

CARE   OF  THE  COLLECTIONS. 

No  changes  have  been  made  in  the  method  of  handling  accessions. 
All  collections  received  during  the  year  have  been  catalogued  and 


BEPORT   OF   ASSISTANT   SECRETARY.  67 

cared  for,  and,  so  far  as  possible,  systematically  arranged.  Specimens 
subject  to  destruction  by  insects  have  been  poisoned. 

Increased  space  and  facilities  for  preservation  and  installation  were 
obtained  by  the  finishing  of  the  repairs  in  the  hall  of  prehistoric 
archeology,  which  has  been  closed  for  two  years;  by  dismounting 
many  pictures  from  swinging  screens  and  putting  the  former  into  the 
studj^  series;  by  building  additional  racks  for  unit  drawers  in  the  hall 
of  history  and  in  the  graphic  arts  storage;  by  adding  to  the  furni- 
ture in  the  east  hall  a  large  gun  rack,  presented  by  the  War  Depart- 
ment; and  by  building  new  racks  in  the  laboratory  of  physical 
anthropology. 

A  great  deal  of  time  has  been  spent  in  labeling  the  musical  instru- 
ments, which  number  nearly  fifteen  hundred  pieces.  This  collection 
is  in  the  care  of  Mr.  E.  H.  Hawley,  who  has  completed  an  elaborate 
catalogue  of  the  entire  series.  It  is  provided  with  four  sets  of  labels, 
as  follows: 

1.  General  labels,  descriptive  of  the  plan  of  classification. 

2.  Case  labels,  naming  the  class  of  instruments  in  each  inclosure. 

3.  Descriptive  labels,  explaining  the  structure  and  functions  of  the 
instruments  in  each  case. 

4r.  Individual  labels,  giving  the  native  name,  the  English  name, 
locality  and  peoples,  and  collector  of  each  specimen. 

The  collection  has  been  installed  to  teach  history  of  thought  and  of 
development  through  inventions,  from  the  simplest  monotone  device 
to  mark  rhythm  up  to  the  most  elaborate  apparatus  for  musical  expres- 
sion. The  exhibit  is  divided  into  four  grand  divisions,  according  to 
the  structure  of  the  instruments,  and  the  pieces  are  arranged  accord- 
ing to  simplicity  or  supposed  order  of  invention.  The  divisions  may 
be  described  as  follows: 

(I)  Vibrating  solid,  sonorous  bodies;  (II)  vibrating  membranes;  (III) 
vibrating  strings;  (IV)  vibrating  columns  or  currents  of  air. 

Musical  instruments  are  put  into  vibration  or  functioned:  (1)  imme- 
diately, by  human  agency  only;  (2)  mediately,  by  means  of  devices  in 
the  hand;  (3)  mechanically,  through  the  agency  of  keyboards  and  the 
like,  and  (4)  automatically,  bj'  machinery,  which  demands  no  skill; 
(5)  .ZEk>lian  harps  and  wind  bells  are  vibrated  without  human  agency. 
There  are  five  methods  employed  in  playing,  namely,  striking  or  ham- 
mering; picking  or  twanging;  rubbing  w;ith  the  hand,  bow,  wheel,  etc.; 
blowing;  and  sympathetically. 

The  four  grand  divisions  have  been  mounted,  where  practicable,  so 
as  to  indicate  geographic  and  ethnic  distribution,  and  arranged  in  sets 
as  related  to  the  musical  scale.  Some  advance  has  been  made  in  the 
literature  of  music,  but  none  in  collecting  portraits  of  composers, 
instrument  makers,  or  writers  on  the  subject. 
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Case  and  specimen  labels  were  prepared  for  the  series  illustrating 
heating  and  illuminating  and  other  subjects,  and  many  hundreds  of 
labels  were  printed  for  the  Louisiana  Purchase  Exposition.  Mr. 
Thomas  Sweeny  continued  the  systematic  care  of  the  stud}'  series. 

EXHIBITION    AND   STUDY   SERIES. 

The  crowded  condition  of  the  Museum  seriously  interferes  with  the 
association  of  the  exhibition  with  the  study  series.  The  ideal  connec- 
tion between  the  two  is  partly  maintained  in  the  northwest  range  and 
in  a  few  other  parts  of  the  Museum  where  the  student,  attracted  by  a 
specimen,  wishes  to  go  further  into  the  subject,  and  finds  the  study 
series  close  at  hand.  But  in  other  exhibits  the  study  mat(n'ial  has  to 
be  stored  away  so  as  to  be  practically  inaccessible. 

The  exhibits  in  many  of  the  halls  are  in  a  satisfactory  condition, 
being  w^ell  arranged  and  well  labeled;  but  in  other  halls  old-fashioned 
methods  still  prevail  and  the  labeling  is  inadequate. 

INSTALLATION. 

A  number  of  cases  were  arranged  in  the  northwest  gallery,  to  illus- 
trate the  different  types  of  basketry,  this  subject  having  attracted 
much  popular  attention  of  late  owing  to  the  publication  by  the  National 
Museum  of  Professor  Mason's  monograph  on  Aboriginal  American 
Basketry.  A  collection  of  lamps  has  been  arranged  in  the  east  hall, 
to  show  the  development  of  illumination.  A  fine  portrait  of  George 
Catlin,  lent  by  his  daughter,  Mrs.  Louise  Catlin  Kinney,  was  installed 
in  the  north-west  range  amidst  the  great  painter's  works.  A  large 
number  of  specimens  from  the  Philippine  Islands,  from  various  sources, 
were  set  up  for  exhibition  in  the  gallery  of  the  north-west  court. 
Among  these  is  the  Mearns  collection  from  Mindanao.  A  special 
studio  was  set  apart  for  the  Abbott  collections  from  Malaysia,  with 
reference  to  publishing  an  illustrated  account  of  them.  A  great  deal 
of  time  was  expended  in  the  installation  of  musical  instruments,  now 
one  of  the  richest  in  the  world.  A  rare  collection  of  objects  illus- 
trating Tibetan  religion  has  been  set  up  and  labeled.  A  walnut  case 
extending  along  one  side  of  the  east  hall  has  been  installed  with  a 
large  collection  of  muskets,  rifles,  and  carbines,  some  of  which  were 
received  from  the  War  Department;  and  three  table-cases,  especially 
fitted  up  for  the  exhibition  of  revolvers  and  pistols,  were  also  placed  in 
the  east  hall  and  filled  with  a  collection  of  historical  military  revolvers, 
and  single  and  double  barreled  pistols  of  various  dates  and  types, 
some  of  which  are  not  duplicated,  so  far  as  known,  in  any  other  public 
or  private  collection.  The  original  Francis  life-saving  car  was  perma- 
nently installed  in  a  new  mahogany  case,  especially  designed  for  the 
purpose;  while  another  was  made  for  the  cylinder  of  the  Hornblower 
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engine,  the  first  steam  engine  ever  erected  on  the  western  continent, 
having  been  imported  from  England  in  1753,  set  up  by  Josiah  Horn- 
blower,  and  used  for  pumping  water  from  the  copper  mines  of  (^1. 
John  Schuyler,  located  opposite  Belleville,  near  Newark,  New  Jersey. 
Two  clocks  received  from  the  Chelsea  Clock  Company,  of  Boston, 
through  the  courtesy  of  Charles  H.  Pearson,  treasurer,  were  placed 
in  the  east  hall  near  the  telegraph  instruments.  Here  the  noon  signals 
are  received  from  the  U.  S.  Naval  Observatory,  and  serve  a  useful  pur- 
pose in  illustrating  to  visitors  the  Government's  method  of  distributing 
correct  time  throughout  the  United  States. 

The  Daughters  of  the  American  Revolution  have  manifested  great 
interest  in  the  historic  collections,  and  cases  especially  devoted  to  their 
contributions  have  been  arranged  and  labeled. 

MODELS  AND  REPLICAS. 

Models  of  a  large  number  of  objects,  chiefly  ethnologic,  have  been 
made  under  the  supervision  of  the  Department  for  use  in  filling  out 
the  series  of  exhibits  in  the  Museum  and  for  exchange  purposes.  A 
number  of  replicas  in  plaster  have  also  been  prepared  under  the  direc- 
tion of  Mr.  William  H.  Holmes,  including  a  series  of  cast«  of  120  of 
the  most  important  archeologic  objects  illustrating  the  higher  achieve- 
ments of  the  ancient  Mexican  peoples.  One  set  of  these,  carefully 
colored,  was  installed  with  the  Museum's  exhibit  at  the  St.  Louis 
Exp>osition,  while  several  additional  sets  were  prepared  for  exchange 
with  other  museums.  These  replicas  have  been  executed  with  the 
greatest  care,  and  one  series  has  been  photographed  side  by  side 
with  the  original  objects  for  distribution  to  the  museums  with  which 
exchanges  are  contemplated.  Up  to  the  present  time  these  include 
the  Field  Columbian  Museum,  Chicago;  Carnegie  Museum,  Pittsburg; 
Free  Museum  of  Science  and  Art,  Philadelphia;  American  Museum 
of  Natural  History,  New  York;  Museum  of  the  Brooklyn  Institute 
of  Arts  and  Sciences,  Brooklyn;  Peabody  Museum,  Cambridge;  and 
also  with  the  following  foreign  museums:  Trocadero  Museum,  Paris; 
British  Museum,  London;  Royal  Ethnological  Museum,  Berlin;  Royal 
Museum  of  Dresden;  National  Museum  of  Mexico,  and  the  National 
Museum  of  Argentina. 

The  preparators  of  this  Department,  from  plans  by  Mr.  Holmes, 
also  constructed  models  of  a  number  of  the  ruined  buildings  of  Mexico 
and  Yucatan,  five  of  which  were  completed  and  installed  with  the 
exhibit  prepared  for  the  St.  Louis  Exposition.  These  represent  the 
^*  Pyramid  Temple,"  Xochicalco;  the  ''Temple  of  the  Columns,"  Mitla; 
'* House  of  the  Governor,"  Uxmal;  "El  Castillo,"  Chichenitza;  and 
the  "Temple  of  the  Cross,"  Palenque.  Models  are  kept  of  such  parts 
of  these  as  can  be  cast  in  plaster  for  use  in  preparing  replicas.  -^  , 

In  the  laboratory  of  this  Department  twenty  masks,  besides  l:itlQ§^^ 
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castings  of  Indians  belonging  to  del^^tions  visiting  Waabington^lAve 
also  been  made  at  the  expense  of  the  Bureau  of  American  Ethnology, 
and  from  these  a  number  of  busts  have  been  prepared  for  the  Museum 
exhibits  and  for  exchange  with  other  museums.  Some  material  has 
already  been  received  from  the  Field  Columbian  Museum,  the  Ameri- 
can Museum  of  Natural  History,  and  the  Royal  Ethnological  Museum, 
Berlin,  in  exchange  for  casts.  It  is  expected  that  these  exchanges  will 
result  in  adding  greatly  to  the  collections  in  the  National  Museum,  and 
at  the  same  time  they  will  enrich  the  various  museums  with  which 
arrangements  are  made. 

The  work  of  photographing  Indians  visiting  Washington  has  been 
greatly  enlarged  during  the  year.  By  special  arrangement  whole  dele- 
gations have  visited  the  Museum,  where  photographs  of  them,  either 
singly  or  in  groups,  have  been  made  and  measurements  taken. 

RESEARCHES. 

In  the  past  ten  years,  the  Museum  has  been  receiving  from  Dr. 
William  L.  Abbott  important  ethnological  collections  made  by  him  in 
the  Eastern  Continent,  especially  in  southern  Malaysia.  During  last 
year  much  time  was  spent  in  arranging  and  classifying  this  material, 
and  in  preparing  descriptions  and  illustrations  for  publication.  The 
work  will  be  continued  during  the  coming  year.  Mr.  Holmes  has 
continued  intermittently  the  preparation  of  a  monograph  on  the  mines 
and  quarries  of  the  aborigines,  based  to  a  large  extent  upon  collections 
in  the  division  of  prehistoric  archeology.  Mr.  Paul  Beckwith  began 
a  systematic  description  of  the  Grant  relics  in  the  National  Museum, 
for  publication  in  the  form  of  an  illustrated  catalogue.  He  has  also 
prepared  a  card  catalogue  of  the  swords,  with  the  view  of  studying  the 
evolution  of  this  arm,  and  has  continued  his  work  on  a  catalogue  of 
the  collections  of  ancient  coinage  in  the  Museum. 

Doctor  Hrdlicka  made  measurements  on  negro  children  and  adults, 
and  on  32  Indians  belonging  to  visiting  delegations.  He  continued 
his  studies  on  the  humerus,  atlas,  cranial  fossae,  parietal  and  malar 
bones,  and  also  commenced  testing  the  value  and  effect  of  various 
preservatives  on  the  excised  brain. 

The  usefulness  of  the  Department  of  Anthropology  to  students  and 
investigators  is  shown  b}'^  the  number  of  persons  who  have  derived 
benefit  therefrom.  Each  year  more  and  more  institutions  and  indi- 
viduals seek  access  to  these  collections,  and  through  the  cordial  rela- 
tions thus  established  the  Department  has  not  only  contributed  to 
education,  but  has  profited  in  the  increase  of  its  material  for  study. 
Among  those  visiting  the  Museum  for  the  purpose  of  carrying  on 
researches  in  its  anthropological  material  may  be  mentioned  the 
following: 

Professor  Sherrington,  of  the  University  College,  Liverpool,  inves- 
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tigated  the  negro  brains  in  the  collection,  in  order  to  determine  the 
relative  proportions  of  the  windings  of  the  Bolandic  fissure  in  this 
race.  Miss  Voorhees  examined  the  collections  from  prehistoric  Europe 
in  connection  with  a  study  on  the  Man  of  the  Drift  Gravels  and 
the  Cave  Dwellers  of  France.  Miss  Marie  Ruef  Hofer,  of  Teachers 
College,  Columbia  University,  New  York,  examined  the  plan  of 
synoptic  series  in  the  Museum  as  a  basis  of  exercise  and  manual  labor 
teaching.  John  P.  S.  Neligh,  of  Columbus,  Georgia,  studied  Indian 
textile  art,  basketry,  beadwork,  and  weaving,  with  a  view  to  teaching. 
Ole  Solberg,  from  Christiania,  Norway,  spent  several  days  in  the 
Museum,  preparing  himself  for  a  trip  to  Arizona,  in  order  to  investi- 
gate the  social  customs  of  theHopi  (Moki);  on  his  return  he  examined 
the  Eiskimo  collection,  with  a  view  to  enlarging  his  monograph  on 
Eskimo  stone  implements. 

•  Judge  James  Wickersham,  U.  S.  District  Judge,  Eagle  City,  Alaska, 
made  studies  of  the  works  and  social  customs  of  the  Indians  in  that 
region,  with  a  view  to  deciding  their  fitness  for  citizenship,  and  con- 
sulted the  division  of  ethnology  on  what  constitutes  civilized  tribes, 
with  a  view  to  enfranchising  certain  tribes  of  his  judicial  district. 
Lieut.  William  E.  W.  McKinlay,  of  the  First  U.  S.  Cavalry,  having 
been  detailed  by  the  Division  of  Military  Information  in  the  War 
Department  to  work  up  grammars  and  dictionaries  of  the  chief  lan- 
guages in  the  Philippines,  utilized  the  resources  and  methods  of  the 
Department  of  Anthropology  to  aid  him  in  his  labors.  Miss  Maude 
Barrows  Dutton,  Columbia  University,  New  York  City,  spent  Febru- 
ary 19  to  February  29  in  the  Museum,  gathering  illustrations  for  a 
series  of  school  readers  to  show  the  development  of  primitive  indus- 
tries. Miss  Cora  M.  Folsom,  curator  of  the  museum  at  Armstrong 
School,  Hampton,  Virginia,  examined  cases,  methods  of  exhibition, 
and  the  Museum  system  of  caring  for  the  study  series;  she  also  received 
instructions  in  cataloguing,  poisoning,  and  other  museum  work.  The 
Director  of  the  Mint,  Mr.  George  E.  Roberts,  selected  from  the 
Museum  twenty-eight  coins  to  illustrate  a  lecture  on  numismatics,  and 
transparencies  were  made  for  him  in  the  Museum  laboratory.  Mr. 
Stewart  Culin,  curator  of  the  division  of  ethnology  in  the  Brooklyn 
Institute,  made  further  studies  in  the  games  of  the  American  Indians, 
with  reference  to  a  paper  being  published  by  the  Bureau  of  American 
Ethnology.  Miss  Gi*ace  Nicholson,  Pasadena,  California,  spent  the 
month  of  June  at  the  Museum,  studying  the  classifi(*ation  and  care  of 
basketry;  and  the  Immigration  Bureau  of  the  Department  of  Com- 
merce and  Labor,  through  its  statistician,  Mr.  Wells  F.  Andrews, 
consulted  the  Division  of  Ethnology  for  the  purpose  of  obtaining 
information  which  would  enable  the  Bureau  to  classify  more  exactly 
by  nationality  and  race  the  vast  number  of  immigrants  into  the  United 
States,  ^,y, ,,,,  ,y  Google 
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The  following  material  was  trajismitted  to  students  and  investigators 
outside  of  the  Museum:  A  number  of  photographs  lent  to  Miss  Maude 
Barrows  Dutton,  of  New  York  City,  for  reproduction  in  a  series  of  text- 
books prepared  under  the  supervision  of  the  Teachers  College,  Columbia 
University;  whale  tusks,  implements  connected  with  whale  fishing,  and 
a  number  of  models  of  fishermen's  boats  lent  to  Mr.  W.  de  C.  Rave- 
nel,  in  charge  of  the  exhibit  of  the  Bureau  of  Fisheries,  Department 
of  Commerce  and  Labor,  at  the  Louisiana  Purchase  Exposition;  a  num 
ber  of  arrows  from  the  Natano  (Hupa)  Indians  of  California,  Indian 
games  (3),  Indian  tops,  and  Indian  popguns,  were  lent  to  Mr.  Stewart 
Culin,  to  be  used  in  illustrating  a  paper  published  by  the  Bureau  of 
American  Ethnology;  models  of  Indian  fire-making  apparatus  were 
lent  to  Mr.  Gerard  Fowke,  for  the  general  anthropological  exhibit  at 
the  Louisiana  Purcliase  Exposition;  the  original  Francis  life-saving 
car  was  lent  to  the  Treasury  Department  for  exhibit  at  the  Louisiana 
Purchase  Exposition.  To  Mr.  S.  W.  Stratton,  of  the  Bureau  of 
Standards,  for  the  same  purpose,  were  lent  examples  of  Mexican  and 
Japanese  scales,  the  coin  scales  of  England,  and  a  set  of  antique  silver- 
smith's weights,  manufactured  in  Nuremburg,  Germany;  from  the 
division  of  history  a  number  of  specimens  connected  with  the  mili- 
tary life  of  Gen.  W.  T.  Sherman  were  lent,  upon  the  request  of  Mr. 
P.  T.  Sherman,  to  the  U.  S.  Military  Academy,  for  exhibition  at  the 
Louisiana  Purchase  Exposition;  and  an  interesting  case  of  historical 
specimens  belonging  to  the  Daughters  of  the  American  Revolution 
was  sent  to  the  exposition  in  the  care  of  Mr.  Paul  Beckwith,  for 
installation. 

It  is  the  polic}^  of  the  Department  of  Anthropology  not  to  send  out 
valuable  specimens  to  individuals  for  study,  but  to  invite  them  to 
carry  on  their  investigations  at  the  Museum.  This  course  is  safer  for 
the  collections,  and  the  student  himself  is  thereby  brought  into  touch 
with  other  materials  of  which  he  probably  has  had  no  knowledge. 

PLANS   FOR   FUTURE    DEVELOPMENT. 

The  Acting  Head  Curator  calls  attention  to  the  need  of  additional 
help  in  the  several  divisions.  Accessions  are  multiplied,  the  corre- 
spondence has  greatly  increased,  and  yet  the  same  number  of  men  and 
women  have  to  do  the  work.  These  conditions  have  been  recognized 
and  remedied  as  far  as  possible  by  temporary  aid. 

From  Doctor  Hough  the  following  observations  are  received  with 
reference  to  the  plans  for  the  development  of  the  division  of  eth- 
nology: 

This  is  the  era  of  collector-dealers  in  ethnology.  Material  that  falls  into  their 
hands  is  held  for  sale,  so  that  a  museum  must  enter  the  lists  with  money  to  purt^hase 
or  must  go  into  the  field  as  a  collector.  The  latter  plan  ttmds  to  build  up  a  museum 
with  the  most  desirable  material,  but  it  recjuires  funds  as  well  as  traine<l  men  who 
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mtist  spend  part  of  the  time  in  the  field,  and  part  in  the  care  of  the  specimens.  It  is 
also  moet  desirable  to  foster  disinterested  collectors,  who  engage  in  the  work  for 
relaxation  without  thonght  of  gain.  It  is  the  opinion  of  the  Curator  that  this  matter 
of  providing  for  the  purchase  of  specimens  should  have  attention  by  the  Museum 
authorities.  The  interior  development  of  the  Division  as  pursued  by  the  Curator 
and  his  assistant  has  been  carried  on  (1)  by  the  study  of  correlated  objects,  publi- 
cation, and  exhibition  to  the  best  advantage  for  educational  purposes;  (2)  by  the 
grouping  of  ethnic  material  to  show  at  a  glance  the  life  and  arts  of  tribes  and  peo- 
ples; (3)  the  collection  of  information  regarding  specimens  and  filing  such  data  where 
it  is  readily  available  for  students  and  for  lablee;  (4)  the  storing  of  photographic 
blueprints  by  subjects.  This  work  is  being  steadily  carried  on  and  is  improving  the 
status  of  the  division  each  year. 

Mr.  Holmes  has  planned  a  sweeping  reinstallation  of  the  division 
of  prehistoric  archeology.  To  the  exhibits  prepared  for  the  Louisi- 
ana Purchase  Exposition  will  be  assigned  the  space  in  the  middle  of 
the  hall.  Mr.  Maynard  proposes  to  enlarge  the  subject  of  metrology 
in  all  its  branches,  by  originals  when  possible,  and  also  by  copies  and 
models  of  originals.  He  also  will  assiduously  increase  the  material  in 
the  section  of  gunnery,  for  which  the  time  is  propitious.  In  this  con- 
nection Mr.  Ma^^nard  has  prepared  an  elaborate  classification  of  the 
topics  under  his  division.  Mr,  Brockett  plans  to  very  much  enlarge 
the  study  series  in  graphic  arts  by  bringing  from  storage  and  putting 
in  new  drawers  much  material  hitherto  unavailable.  Doctor  Flint, 
having  completed  his  classification  and  cataloguing  in  the  division  of 
medicine,  will  develop  his  plan  on  the  lines  established.  In  the  divi 
sion  of  history,  Mr.  Beckwith  will  avail  himself  of  the  gallery  recently 
assigned  to  him  to  enlarge  and  improve  the  study  series.  The  assist- 
ant curator  of  the  division  of  physical  anthropology,  Dr.  A.  Hrd- 
licka,  makes  the  following  recommendations: 

The  time  has  come  when  the  division  of  physical  anthropology  can  begin  to  pre- 
pare exhibits  of  great  interest  and  instructive  value,  relating  on  the  one  hand  to  the 
American  aborigines,  and  on  the  other  to  man  in  general.  The  part  concerning  the 
Indian  would  complete  the  immense  ethnological  exhibit;  that  concerning  man  in 
general  would  be  a  continuation  of  the  series  in  biology.  To  achieve  these  results, 
the  division  is  in  need  of  the  exclusive  services  of  a  modeler.  A  most  important 
part  of  the  Indian  exhibits,  and  at  the  same  time  valuable  for  exchanges  with  other 
museums,  would  be  a  series  of  casts  of  the  natives.  For  this  purpose  the  modeler 
should  take  visiting  Indians,  and  also  be  sent  to  do  field  work.  In  the  biological 
exhibits,  an  important  r61e  would  be  played  by  casts  of  brain  and  other  objects;  by 
representations  in  plaster  of  human  development  and  decline;  and  by  showing  the 
numerous  types  of  man.  All  this  will  require  the  constant  application  of  an  able 
modeler  through  a  number  of  years,  and  the  work  can  and  should  be  begun  at  once. 

Doctor  Hrdlicka  also  calls  attention  to  the  fact  that  a  compre- 
hensive biological  survey  of  the  people  of  the  United  States  is  a  pos- 
sibility, though  it  would  be  difficult,  extend  over  a  number  of  years, 
and  require  a  large  corps  of  trained  aids.  There  is  no  other  country 
that  presents  more  vital  problems  to  be  solved  by  such  a  survc}^ 
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than  the  United  States.  This  is  due  to  the  great  diversity  of  its  cli- 
mate and  industries;  but  above  all,  to  the  heterogeneity  of  its  con- 
stituents. The  objects  of  such  a  survey  would  be  to  investigate  the 
phj^sical  status;  certain  physiological  elements;  relative  fecundity; 
the  effects  of  racial  mixtures;  and  certain  pathological  conditions 
which  have  important  influences  on  the  population.  These  investiga- 
tions would  have  to  be  prosecuted  on  (a)  the  various  racial  divisions 
of  the  population;  (5)  the  Americans  in  large  cities,  as  well  as  those 
in  the  rural  districts;  those  living  in  high  and  those  in  low  lands;  those 
in  the  coldest  and  in  the  hottest  regions;  the  seamen  with  extremes  in 
kinds  of  nourishment;  (c)  all  such  parts  of  the  population  as  follow 
the  same  mode  of  physical  or  mental  activity,  such  as  the  laborer, 
specialized  artisan,  professional  athlete,  specialized  brainworker,  the 
highest  class  of  inventor  or  original  composer;  (d)  such  divisions  of 
the  population  as  are  continuously  subjected  to  differing  social  condi- 
tions, and  (e)  the  defective  classes.  In  order  that  a  survey  of  this 
nature  should  succeed  in  this  country,  the  very  first  condition  would  be 
to  elaborate,  as  far  as  possible,  in  conjunction  with  the  Immigration 
Bureau  and  the  Census  Bureau  of  the  Department  of  Commerce 
and  Labor,  accurate  maps  representing  the  racial  constituents  of  the 
population. 

Mr.  Ilawley  proposes  to  complete  his  card  catalogue  of  all  the  types 
of  musical  instruments  ever  used  by  man;  also  by  exchanges,  copies, 
and  models  to  make  the  series  of  specimens  complete  as  to  types. 

In  looking  over  the  stock  of  matierial  already  mounted  for  exhibition 
in  swinging  screens,  unit  boxes,  and  special  fi-ames,  it  was  found  that 
much  of  it  was  piled  up  in  such  a  way  that  for  years  it  would  be  lost 
not  only  to  the  public  but  also  to  the  student.  In  the  new  Museum 
installation  should  not  be  handicapped  by  faded  backgrounds,  soiled 
labels,  and  discarded  furniture.  Therefore  many  hundreds  of  speci- 
mens have  been  cut  from  the  mountings  and  returned  to  the  study 
series,  the  boxes  and  fmmes  being  sent  to  storage.  In  this  way  the 
floors  of  the  halls  have  been  cleared  of  packing  boxes.  It  is  purposed 
to  continue  this  process  into  spaces  now  set  apart  for  storage. 

The  geneml  plan  for  the  Department  during  the  year  1904-5  will  be 
to  make  the  collections  still  more  useful  to  the  students,  authors,  and 
teachers.  No  changes  of  arrangement  are  contemplated  for  the  pres- 
ent building,  but  every  effort  will  be  made  to  perfect  the  exhibits  that 
will  be  set  up  in  the  new  one. 

CHANGES  IN   THE   DEPARTMENT. 

Owing  to  the  constant  growth  of  the  Department  of  Anthropology, 
it  was  deemed  wise  during  the  year  to  make  certain  changes  in  it^ 
organization,  so  that  at  present  all  divisions  of  the  subject  that  may 
be  taught  and   studied  bv   objects  are   represented.     Physiological 
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psychology  is  omitted,  since  its  operations  consist  of  experiments. 
Its  apparatus  is  provided  for  in  the  division  of  technology,  under  the 
class  of  metrics.  Language  also  is  omitted,  since  its  investigation  is 
assigned  to  the  Bureau  of  American  Ethnology.  The  same  is  to  be 
said  of  sociology  and  primitive  religions.  The  closest  relationship, 
however,  exists  between  the  two  dependencies  of  the  Smithsonian  Insti- 
tution, the  Museum,  and  the  Bureau  of  American  Ethnology,  since 
cult  objects,  the  paraphernalia  of  customs,  writings,  and  inscriptions 
are  tangible  things  and  may  be  exhibited.  Mr.  William  H.  Holmes 
served  as  honorary  curator,  and  Mr.  J.  D.  McGuire  as  collaborator 
in  the  division  of  prehistoric  archeology,  Mr.  E.  P.  Upham  having 
charge  of  cataloguing.  The  division  of  technology  was  enlarged  to 
include  all  phases  of  handicraft.  Mr.  Paul  Brockett  has  been  made 
custodian  of  the  division  of  graphic  arts.  The  division  of  religions 
becomes  the  division  of  historic  religions,  the  cults  of  unlettered 
peoples  being  assigned  to  the  Bureau  of  American  Ethnology  and 
their  cult  objects  exhibited  in  the  division  of  ethnology.  The  divi- 
sion of  history  and  biography  becomes  the  division  of  history,  with 
Mr.  A.  H.  Clark  as  honorary  curator  and  Mr.  Paul  Beckwith, 
assistant  curator.  In  February  Miss  Mary  Virginia  Young  was 
made  clerk  in  the  office  of  the  Acting  Head  Curator,  and  in  April  Mr. 
Kichard  A.  Allen  was  appointed  preparator  in  the  Department. 
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REPORT   ON   THE  DEPARTMENT   OF  BIOLOGT 
FOR  THE   TEAR   1903-04. 

By  Frederick  W.  True, 
Head  Curator. 

The  principal  event  of  the  year  covered  by  this  report  was  the  com- 
pletion of  the  exhibit  for  the  Louisiana  Purchase  Exposition  and  its 
installation  in  St.  Louis.  Fully  two  years  were  occupied  in  assembling 
and  preparing  this  exhibit,  and  the  staff  of  every  division  of  the 
department,  except  that  of  plants,  shared  in  the  work  to  a  greater  or 
less  extent.  The  Head  Curator,  having  been  placed  in  charge  of  the 
entire  exhibit  of  the  Smithsonian  Institution,  found  it  impossible  to 
attend  at  the  same  time  to  the  regular  work  of  the  department,  and 
for  about  five  months  the  general  management  devolved  upon  one  of 
the  curators,  Dr.  L.  Stejneger.  A  full  report  on  the  St.  Louis  exhibit 
will  be  submitted  next  j^ear  after  the  close  of  the  exposition. 

The  Museum  had  the  good  fortune  to  receive  on  deposit  for  ten 
years  the  herbarium  and  botanical  library  of  Prof.  E.  L.  Greene.  The 
herbarium  comprises  al>out  60,000  sheets,  and  is  believed  to  be  one  of 
the  finest  private  botanical  collections  in  existence.  A  detailed  state- 
ment of  the  conditions  of  this  deposit  will  be  found  in  the  earlier 
pages  of  this  Report. 

Dr.  William  L.  Abbott  continued  his  generous  donations  of  valuable 
zoological  material,  collected  by  him  in  the  East  Indies. 

The  accessions  show  a  substantial  increase  in  most  classes,  and  in 
raollusks  the  number  of  lots  received  was  double  that  of  last  year. 
While  it  is  often  difficult  to  estimate  with  exactness  the  scientific  value 
of  material  received,  the  additions  of  the  year  as  a  whole  may  be  con- 
sidered as  comparing  favorably  with  those  of  previous  years.  Tlie 
principal  exceptions  were  among  the  lower  invertebrates,  where  the 
accessions,  though  more  numerous  than  last  year,  are  reported  to  be 
much  less  important.  The  birds'  eggs  were  fewer  in  number  and  less 
noteworthy. 

AlK)ut  108,000  zoological  specimens  and  44,000  botanical  specimens 
were  received  during  the  year.  The  former  included  about  59,000 
insects.  Marked  improvement  was  made  in  the  condition  of  the  gen- 
eral collections  of  mammals  and  reptiles. 
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The  department  is  handicapped  at  present  chiefly  by  the  crowded 
condition  of  the  laboratories  and  storage  quarters  and  exhibition  halls, 
and  the  want  of  a  sufficient  staff  of  zoological  assistants  in  the  lower 
grades. 

EXHIBITION   CX)LLECTIONS. 

The  arrangement  recently  made  of  combining  all  work  on  the  exhi- 
bition series  under  one  head  continued  in  force  during  the  year  with 
excellent  results.  On  account  of  the  great  amount  of  work  required 
in  connection  with  the  exhibit  for  the  St.  Louis  Exposition,  however, 
the  regular  exhibition  work  was  brought  almost  to  a  standstill.  The 
World's  Fair  work  continued  until  May,  and,  on  account  of  belated 
material,  one  or  two  pieces  were  still  in  hand  during  the  closing 
months  of  the  year. 

The  remounting  of  especially  valuable  birds  in  the  exhibition  series 
continued  during  the  year,  13  specimens  having  been  successfully 
treated.  Shortly  before  its  close,  two  new  cases  were  provided  for  4 
of  the  new  groups  of  game  birds,  located  in  the  entrance  hall  of  the 
Smithsonian  building.  In  addition,  30  other  birds  were  mounted,  12 
dismounted,  and  59  skins  made  up  for  study  purposes.  Fourteen 
pieces  of  groundwork  were  made  for  birds  exhibited  at  St.  Louis.  In 
the  case  of  birds  mounted  during  the  year,  an  effort  was  made  to  color 
the  bills,  feet,  and  naked  portions  of  the  skins  as  in  life.  New  work 
was  begun  on  a  series  of  fish  casts  to  fill  cases  now  unoccupied. 

A  brief  summary  of  the  work  done  for  the  St.  Louis  exhibit  during 
the  past  two  years  is  as  follows: 

A  series  of  large  mammals  representing  the  principal  large  game 
animals  of  the  world  were  mounted,  including  such  huge  fonns  as  the 
giraffe,  hippopotanms,  rhinoceros,  polar  bear,  and  moose.  Molds 
were  made  in  Newfoundland  of  an  adult  sulphurbottom  whale,  78  feet 
long,  from  which  a  cast  in  paper  was  prepared  and  properly  painted. 
The  skeleton  of  a  full-grown  whale  of  this  species  was  also  obtained  at 
the  same  place  and  mounted  in  St.  Louis.  Specimens  representing  the 
species  of  peacocks  were  mounted,  together  with  a  collection  of  the 
most  beautiful  sjx^cies  of  pheasants.  To  these  were  added  a  few  other 
birds  of  remarkable  appearance  or  habits,  and  a  group  of  the  South 
American  hoactzins,  which  are  of  special  interest  from  the  fact  that 
the  young  have  hooked  claws  on  the  wings,  by  means  of  which  they 
climb  about  from  branch  to  branch.  Casts  of  a  large  python  and  of 
several  other  interesting  snakes,  such  as  the  cobra,  coral  snake,  rattle- 
snake, etc.,  were  prepared  and  painted.  A  series  of  enlarged  models 
of  the  most  grotesque  or  otherwise  remarkable  deep-sea  fishes  was 
prepared  from  specimens  in  the  National  Museum.  The  synoptic 
series  of  invertebrates  belonging  to  the  regular  exhibition  series  of 
the  Museum  was  renovated,  enlarged,  and  thoroughly  labeled^    A 
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large  series  of  perfect  specimens  of  the  most  remarkable  butterflies  of 
the  world  was  assembled  and  arranged  for  exhibition  in  unit  boxes. 
A  similar  series  of  birds'  eggs,  representing  the  largest  and  the  most 
remarkably  colored  or  shaped  eggs  were  selected  from  the  Museum 
collection  and  arranged  on  newly  designed  stands.  A  series  of 
zoological  objects  attractive  to  children  was  prepared  for  the  replica 
of  the  Smithsonian  "Children's  room"  which  was  installed  at  St. 
Louis.  The  whole  Museum  exhibit  was  thoroughly  labeled,  with 
special  reference  to  the  requirements  of  an  exposition. 

EXPLORATIONS. 

As  mentioned  in  the  report  of  last  year.  Mr.  B.  A.  Bean  and  Mr. 
J.  H.  Riley  accompanied  the  expedition  of  the  Baltimore  Geographical 
Society  to  the  Bahama  Islands  in  the  summer  of  1903,  and  made  con- 
siderable collections  of  fishes,  birds,  reptiles,  mammals,  and  mollusks 
and  other  invei-tebrates.  The  collection  of  fishes  added  to  the  knowl- 
edge of  the  fauna  of  the  Bahamas  and  many  of  the  species  represented 
in  it  were  new  to  the  Museum  series,  as  was  alsa  the  case  with  the 
corals  and  crustaceans. 

In  the  spring  of  1904  Mr.  William  Palmer  accompanied  Dr.  George 
P.  Merrill  to  the  State  of  Sinaloa,  Mexico,  for  the  purpose  of  making 
a  mold  of  the  great  Bacubarito  meteorite.  While  on  this  expedition, 
Mr.  Palmer  collected  a  few  zoological  specimens  of  interest. 

Toward  the  close  of  the  year,  Dr.  L.  Stejneger  and  Mr.  G.  S.  Miller, 
jr.,  were  detailed  to  make  faunal  collections  in  the  Swiss  and  Italian 
Alps,  the  object  being  to  add  to  the  knowledge  of  the  life  zones  in  that 
region.  Mr.  B.  A.  Bean  and  an  assistant  visited  Beaufort,  North  Car- 
olina, in  June  and  collected  fishes. 

ACCESSIONS. 

The  number  of  lots  of  specimens  in  all  classes  received  during  the 
year  covered  by  this  report  was  greater  than  last  year,  and  in  the  case 
of  mollusks,  as  already  noted,  almost  double.  Birds'  eggs  were  less 
numerous  and  less  important,  and  the  lower  invertebrates,  though  more 
numerous  than  last  year,  were  of  much  less  interest  scientifically.  So 
far  as  plants  are  concerned,  the  accessions  (numbering  555),  though 
somewhat  less  numerous  than  last  year,  exceeded  those  of  an}^  other 
year  since  1895.  Of  zoological  specimens,  the  total  number  received 
was  about  107,473,  including  about  59,000  insects.  Of  plants,  the 
accessions  aggregated  43,800  specimens,  as  compared  with  35,000  in 
1903  and  53,500  in  1902.  The  purchasers  of  plants  comprised  10,000 
specimens. 

The  largest  transaction  of  the  year,  as  regards  specimens,  was,  as 
already  mentioned,  the  deposit  by  Prof.  E.  L.  Greene  oOiis  veiy 
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important  herbarium,  comprising  about  60,000  sheets,  and  his  botan- 
ical library,  numbering  about  2,000  volumes.  This  valuable  acquisi- 
tion will  open  new  opportunities  to  systematic  botanists  in  the  United 
States  of  which  they  will,  without  doubt,  hasten  to  avail  themselves. 
The  details  regarding  this  important  deposit  will  be  found  in  the  report 
of  the  Assistant  Secretary. 

Mrs.  T.  A.  Williams,  of  Memphis,  Nebraska,  presented  some  15,000 
plants  from  various  localities  in  the  United  States,  consisting  of  tho 
duplicates  from  Mr.  Williams's  herbarium.  She  also  signified  her 
intention  to  deposit  the  herbarium  itself,  now  in  the  George  Washing- 
ton University,  but  the  actual  transfer  had  not  been  effected  at  the 
close  of  the  year  on  account  of  press  of  other  Museum  business. 

Of  zoological  material,  the  largest  accession  was  a  collection  of 
about  40,000  insects  obtained  by  Messrs.  Dyar,  Currie,  and  Caudell  in 
British  Columbia.  Next  in  order  are  the  collections  received  through 
the  Bureau  of  Fisheries,  Department  of  Commerce  and  Labor.  These 
comprised  about  12,000  land  and  fresh-water  shells  and  about  670 
reptiles  from  Indiana  and  other  parts  of  the  eastern  United  States 
and  3,000  marine  mollusks,  chiefly  from  Alaska,  preserved  in  alcohol. 
The  Bureau  also  transmitted  the  types  of  a  considerable  number  of 
recently-described  fishes  from  the  Hawaiian  Islands,  Japan,  and  other 
localities,  with  other  specimens  of  fishes  and  also  large  collections  of 
crustaceans  and  stony  corals,  which  were  obtained  during  the  investi- 
gation of  the  salmon  fisheries  of  Alaska  in  1903.  In  addition,  the 
Bureau  transmitted  a  large  series  of  crayfishes  and  shrimps  from  Lake 
Maxinkuckee,  Indiana,  collected  by  Dr.  B.  W.  Evermann  and  assist- 
ants in  1899  and  1900,  and  also  461  plants  collected  in  Alaska  and 
Oregon. 

Special  attention  is  again  to  be  directed  to  the  importance  of  the  col- 
lections made  by  Dr.  W.  L.  Abbott  in  the  East  Indies  and  very  gener- 
ously presented  by  him  to  the  National  Museum.  During  the  year 
the  collections  received  were  those  from  the  Mentawei  Archipelago, 
off  the  west  coast  of  Sumatm,  and  from  the  coast  and  islands  of  eastern 
Sumatra.  The  mammals  from  the  Mentawi  Archipelago  comprised 
about  500  specimens,  including  31  new  forms,  among  which  were  a 
new  genus  and  species  of  gibbon,  named  Simias  concolor  by  Mr.  G.  S. 
Miller,  jr.,  and  another  new  gibbon,  which  Mr.  Miller  has  named 
Syinphalaugus  Mossl  in  honor  of  Dr.  Abbott's  associate,  Mr.  C.  B. 
Kloss.  The  birds  from  the  archipelago  number  572  specimens,  includ- 
ing several  new  species  and  many  rare  ones,  such  as  the  pigeon 
Columha  grisea^  the  cuckoo  Urococcyx  imeicauda^  etc.  The  collection 
from  eastern  Sumatm  comprises  371  mammals,  202  birds,  and  83  rep- 
tiles and  batrachians.  The  mammals  have  not  yet  been  identified,  but 
among  the  birds  and  reptiles  are  known  to  be  numerous  forms  not 
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previously  represented  in  the  National  Museum  and  very  valuable  for 
comparison.     Some  new  species  are  quite  likely  to  be  detected  later. 

Dr.  E.  A.  Mearns,  U.  S.  Army,  added  to  his  previous  donations  a 
number  of  valuable  lots  of  specimens,  comprising  155  mammals  from 
Minnesota,  274  birds  from  the  Philippine  Islands,  including  many 
rarities,  various  moUusks,  and  (conjointly  with  his  son)  some  interest- 
ing birds'  eggs. 

Through  an  arrangement  with  the  Baltimore  Geographical  Society, 
Messra.  B.  A.  Bean  and  J.  H.  Kiley,  of  the  Museum  scientific  staff, 
made  an  excellent  miscellaneous  zoological  collection  in  the  Bahama 
Islands,  including  many  desiderata,  especially  among  fishes.  Of  the 
110  species  of  fishes  obtained,  many  were  previously  unknown  as 
belonging  to  the  fauna  of  the  Bahamas  or  were  unrepresented  in  the 
national  collections.  Of  manmials,  181  specimens  were  obtained,  of 
which  one  species  was  imdescribed;  of  birds,  156  specimens,  including 
a  new  subspecies  of  night  hawk  and  the  second  known  specimen  of 
the  woodpecker  Ceiitu-mMnyeaivm;  of  reptiles,  73  specimens,  including 
a  new  large  iguana,  described  by  Dr.  L.  Stejneger  under  the  name  of 
Cyclura  rileyL 

The  Biological  Survey,  U.  S.  Department  of  Agriculture,  trans- 
mitted some  valuable  birds'  eggs  and  a  collection  of  377  reptiles  from 
Texas,  the  result  of  several  years'  collecting  and  the  basis  of  a  paper 
by  Mr.  Vernon  Bailey  on  the  reptile  fauna  of  the  State.  One  new 
species  of  lizard  in  this  collection  was  described  by  Doctor  Stejneger 
under  the  name  of  Sceloporus  merriamL 

Capt.  Wirt  Robinson,  U.  S.  Army,  presented  a  collection  of  bats 
from  Cuba  and  a  number  of  interesting  birds.  Some  215  birds,  a  col- 
lection of  land  shells,  and  about  3,600  insects,  together  with  34  mam- 
mals, from  the  mountains  of  Venezuela  were  purchased  from  Mr.  M. 
S.  Briceno.     Among  the  former  were  many  i*are  humming-birds. 

A  collection  of  56  bats  and  323  birds  from  Barbuda  and  Antigua 
islands  was  purchased  from  Mr.  H.  Selwyn  Branch.  The  birds  repre- 
sent the  fauna  of  these  islands  with  a  great  degree  of  completeness, 
and  comprise  several  fonns  not  previously  known  to  occur  there,  as 
well  as  a  new  species  of  warbler. 

Mammals. — Besides  the  specimens  included  in  the  foregoing  miscel- 
laneous collections,  mention  should  be  made  of  a  number  of  accessions 
consisting  solely  of  mammals.  Mr.  E.  O.  Wooton,  of  Mesilla  Park, 
New  Mexico,  presented  the  second  known  specimen  of  a  remarkable 
bat  belonging  to  the  fauna  of  the  United  States,  known  as  Euderma 
maculaiuTH, 

A  jaguar  killed  in  Texas  was  purchased  from  Mr.  II.  P.  Attwater. 
This  is  the.  first  authentic  specimen  of  the  jaguar  from  the  United 
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States,  though  the  range  of  the  species  was  considered  as  including" 
the  southern  part  of  that  State. 

A  specimen  of  the  ver^^  rare  mouse-deer,  Tragidus  Stanley  a  a  us  ^  was 
purchased  from  M.  Emile  Deschamps.  ' 

A  miscellaneous  collection  of  Old  World  mammals,  including  repre- 
sentatives of  two  new  species,  was  purchased  from  Mr.  W.  Schluter. 

A  collection  of  Japanese  mammals  was  purchased  from  Mr.  T. 
Tsuchida.  A  large  collection  of  bats  from  Vern  Cruz,  Mexico,  was 
purchased,  and  by  exchange  with  the  British  Museum  six  exception- 
ally rare  bats,  belonging  to  genera  not  represented  in  the  national 
collection,  were  acquired.  By  exchange  with  the  American  Museum 
of  Natural  History,  a  collection  of  51  Colombian  mammals  was  obtained. 

Birds, — In  addition  to  the  birds  presented  by  Doctors  Abbott  and 
Mearns,  and  those  acquired  from  the  Biological  Survey  and  the  Balti- 
more Geographical  Society  above  mentioned,  a  few  other  especially 
interesting  accessions  deserve  notice.  Mr.  Homer  Davenport,  of  East 
Orange,  New  Jersey,  presented  26  young  pheasants.  Pheasants  in 
these  early  stages,  which  are  valuable  in  the  stud}'  of  the  arrangement 
of  feathers,  are  difficult  to  obtain.  Mr.  N.  C.  Brown,  of  Portland, 
Maine,  presented  an  especially  well-prepared  series  of  267  birds  from 
South  Carolina.  By  exchange  with  the  Philippine  Museum,  at  Manila, 
an  excellent  series  of  well-prepared  Philippine  birds,  comprising  about 
200  specimens,  was  obtained.  Four  species  of  birds-of -paradise  not 
previously  represented  in  the  national  collection  were  purchased,  as 
well  as  215  specimens  of  birds  from  the  mountains  of  Venezuela,  com- 
prising several  species  new  to  the  Museum  and  including  many  speci- 
mens valuable  for  comparison  in  connection  with  the  work  on  ''Birds 
of  North  and  Middle  America."  Some  of  the  humming-birds  in  this 
collection  are  rare  in  museums. 

Of  birds'  eggs,  Dr.  W.  L.  lialph  added  many  interesting  specimens 
to  his  previous  donations,  and  some  excellent  specimens  were  presented 
by  Gen.  J.  W.  Barlow.  A  collection  of  i^are  Mexican  eggs  and  13 
eggs  of  the  hoactzin,  also  very  rare,  were  purchased. 

Beptiles. — Dr.  Hugh  M.  Smith,  Deputy  Commissioner  of  Fisheries, 
presented  a  collection  of  158  reptiles  which  he  collected  in  Japan. 
This  material  has  been  of  nuich  service  to  Doctor  Stejneger,  who  is 
engaged  in  preparing  a  work  on  the  reptile  fauna  of  Japan.  Mr.  E.  J. 
Brown,  of  Lemon  City,  Florida,  presented  17  rare  reptiles  from  south- 
ern Florida,  among  which  were  specimens  of  a  new  species  of  spread- 
ing adder,  described  by  Doctor  Stejneger  under  the  name  of  Heterodon 
hrmnn  /. 

FtsJuH, — The  Stanford  University  presented  10  lots  of  fishes  from 
Japan,  comprising  types  and  cotypes  of  species  collected  and  described 
by  Dr.  David  S.  Jordan  and  Mr.  Snyder.  One  lot  of  excellently-pre- 
pared fishes  from  Puget  Sound  was  presented  by  Dr.  J.  C.  Thompson, 
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U.  S.  Navy.  In  order  to  replenish  the  collection  with  fresh  material 
and  to  obtain  duplicate  specimens  for  distribution,  Messrs.  Bean  and 
McKnew,  as  already  mentioned,  visited  Beaufort,  North  Carolina. 
They  obtained  a  large  series  of  specimens.  A  specimen  of  the  rare 
Japanese  shark,  Mitsukurina  owstoni^  11  feet  long,  was  purchased. 

MoUusks. — Rev.  L.  T.  Chamberlain  presented  a  small  collection  of 
rare  river  mussels,  or  Unionidse^  for  addition  to  extensive  earlier  con- 
tributions. About  2,500  specimens  of  several  species  of  western 
American  shells  were  presented  by  Dr.  R.  E.  C.  Stearns,  honorary 
a^^ociate  in  zoology.  Mr.  E.  J.  Court,  of  Washington  City,  con- 
tributed a  series  of  about  2,000  land  shells  from  Maryland,  Virginia, 
and  the  District  of  Columbia.  From  Mr.  H.  W.  Henshaw,  of  Hilo, 
Hawaii,  was  received  a  very  acceptable  lot  of  about  600  Hawaiian  land 
shells,  together  with  a  number  of  other  invertebrates.  Mr.  Dwight 
Blaney  presented  some  300  shells  dredged  near  Mount  Desert,  Maine, 
and  Mr.  C.  A.  Davis  a  series  of  specimens,  representing  about  72 
species,  from  Bermuda,  including  cotypes  of  several  forms  described 
by  the  donor.  The  Museum  received  as  a  gift  from  Mr.  H.  N.  Lowe 
and  Mrs.  Blanche  Trask,  of  California,  some  small  lots  of  very  accept- 
able Californian  shells,  which  were  needed  to  fill  gaps  in  the  series. 

Several  purchases  of  mollusks  were  made  during  the  year  in  addi- 
tion to  the  lot  from  the  mountains  of  Venezuela  referred  to.  Among 
these  should  be  mentioned  a  series  of  about  2,500  Japanese  land  and 
marine  mollusks,  representing  487  species;  a  large  series  of  unusually 
i-are  or  beautiful  land  shells,  comprising  252  species;  a  fine  Valuta 
pidchra^  and  a  large  collection  of  land  shells  from  the  coast  and  islands 
of  California.  The  latter  was  obtained  from  Mr.  Henry  Hemphill, 
and  is  commented  on  by  Doctor  Dall  as  follows: 

The  series  sent  by  Mr.  Hemphill  is  nearly  50  per  cent  larger  than  was  called  for 
by  the  aj^reement,  and  may  to  that  extent  be  regarded  as  almost  a  donation.  The 
material  comprises  a  thoroughly  representative  series  showing  the  various  mutations, 
varieties,  and  species  in  which  the  coast  is  so  rich,  including  the  pleistocene  forms 
when  they  occur,  and  illustrating  in  a  remarkable  manner  the  flexibility  of  what  have 
been  regarded  as  species.  There  were  in  all  649  lots  of  specimens,  representing  as 
many  distinct  varieties  or  mutations. 

Lower  invertebrates. — A  collection  of  sea-urchins,  chiefly  from  the 
Gulf  of  Siam  and  the  Ingolf  dredgings,  was  obtained  h-^  exchange 
from  the  Zoological  Museum,  Copenhagen,  Denmark.  Dr.  K.  Kishi- 
nouye  presented  11  specimens  of  four  species  of  Japanese  precious 
coral,  showing  the  different  varieties.  Three  of  the  specimens  were 
cotypes  of  forms  described  by  Doctor  Kishinouye.  The  National 
Museum  of  Brazil  presented  cotypes  of  the  shrimp  Neplirops  riihellus^ 
and  of  the  stomatopod  crustacean  Paevdosquilla  h*aziliensi8,  Mr. 
H.  N.  Lowe,  of  Long  Beach,  California,  presented  a  collection  of 
crustaceans  from  Catfdina  and  San  Clemente  islands,  amon^  which 
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were  found  two  new  species  and  several  rare  ones.  In  a  small  collec- 
tion of  Mexican  fresh-water  crabs  received  from  the  U.  S.  Biological 
Survey,  one  new  species  was  discov^ered.  Specimens  of  an  undescribed 
species  of  isopod  crustacean,  and  of  Branch!j)us,  were  presented  by 
Mr.  George  E.  Morris,  of  Waltham,  Massachusetts.  Through  exchange 
with  the  Museum  of  Comparative  Zoology,  Cambridge,  Massachusetts, 
five  specimens  (four  species)  of  crabs  from  the  Hawaiian  Islands,  all 
new  to  the  Museum  collection  and  two  new  to  science,  were  obtained. 
By  purchase  from  Emile  Deschamps,  San  Josd,  California,  the  Museum 
procured  miscellaneous  invertebrates  from  Shanghai,  a  locality  scarcely 
at  all  represented  in  our  collections. 

In^ds, — The  accessions  of  insects  numbered  377,  comprising  5S,953 
specimens,  as  compared  with  250  accessions,  comprising  37,(584  speci- 
mens, last  year,  a  gratifying  increase  both  in  number  and  in  quality  of 
material. 

Mr.  E.  A.  Schwarz  added  to  the  donations  of  previous  years  a  col- 
lection of  6,300  Coleoptera,  Lepidoptera,  etc.,  from  Texa^.  Prof. 
T.  D.  A.  Cockerell  presented  a  large  collection  of  insects  from  Colo- 
rado and  325  specimens  from  New  Mexico.  Mr.  C.  F.  Baker,  of 
Claremont,  California,  presented  a  large  collection  of  Diptera.  The 
members  of  the  Washington  Biologists'  Field  Club  who  are  interested 
in  entomology  collected  and  presented  to  the  Museum  about  3,4(K) 
miscellaneous  insects  from  the  grounds  of  the  club  at  Plummers 
Island,  Maryland.  A  valuable  collection  of  Lepidoptera  from  British 
Columbia  was  presented  by  Mr.  E.  M.  Anderson,  of  the  Provincial 
Museum,  Victoria.  Two  large  collections  of  British  Columbia  insects, 
comprising  in  all  about  40,000  specimens,  were  collected  b}^  Messrs. 
Dyar,  Currie,  and  Caudell. 

A  miscellaneous  collection  of  Peruvian  insects  was  presented  by 
Mrs.  M.  J.  Puse}^,  of  Callao,  Peru,  and  Mr.  Edward  A.  Klages 
donated  a  collection  of  Venezuelan  beetles.  Two  excellent  series  of 
Japanese  Ilymenoptem  were  the  gift  of  Prof.  S.  Matsamum,  of  Sap- 
poro. Two  collections  from  India  deserve  notice  here — a  series  of 
Hymenoptera  presented  by  Maj.  C.  (t.  Nurse,  and  a  series  of  spiders 
presented  by  Prof.  N.  Jambunathan.  Sir  George  Ilampson,  of  the 
British  Museum,  presented  a  collection  of  Norwegian  Lepidoptera. 

Four  lots  of  Philippine  insects  were  donated  by  the  Rev.  W.  A. 
Stanton,  of  Manila.  Another  Philippine  collection  of  importance  was 
received  as  a  gift  from  Mr.  R.  C.  McGregor,  of  the  Philippine 
Museum,  Manila. 

The  Washington  Agricultural  College  presented,  through  Prof.  C. 
V.  Piper,  a  large  collection  of  Diptera,  containing  types  of  Tipulidae 
described  by  Mr.  Doane.  A  collection  of  Diptera  containing  types 
of  PoridaB  was  presented  by  Mr.  C.  T.  Brues,  of  Paris,  Texas.     Twelve 
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cotypes  of  species  of  spiders  were  the  gift  of  Mr.  Theodore  Scheflfer, 
of  Manhattan,  Kansas. 

Among  the  purchases  of  the  year  were  three  important  lots  of  South 
American  insects,  including  one  from  Paraguay  and  one  from  Vene- 
zuela; also  a  miscellaneous  collection  from  Australia. 

The  U.  S.  Department  of  Agriculture  transmitted  two  lots  of  mis- 
cellaneous insects  comprising  6,064  specimens,  of  which  4,500  were 
collected  by  Mr.  E.  A.  Schwarz  in  Cuba. 

Plants. — ^The  accessions  to  the  National  Herbarium  during  the  year 
numbered  555,  which  is  ox)nsiderably  above  the  average  for  the  last 
thirteen  years,  though  somewhat  exceeded  last  year.  The  specimens 
numbered  43,800,  or  about  9,000  more  than  last  year.  The  deposit  of 
Professor  Greene's  herbarium  and  the  large  accession  irom  Mrs.  T.  A. 
Williams  have  already  been  mentioned  (pp.  79,  80).  Following  these 
should  probably  be  placed  the  accessions  from  the  Philippine  insular 
bureau  of  agriculture,  Manila,  which  aggregate  3,360  specimens. 
These  were  received  in  exchange.  Other  important  exchanges  with 
the  New  York  Botanical  Garden,  resulting  in  the  acquisition  of  1,317 
specimens,  were  eflfected  during  the  year.  These  were  from  Jamaica 
and  other  islands  of  the  West  Indies,  and  from  Colorado.  By  exchange 
with  the  Royal  Botanical  Gardens,  Kew,  London,  278  plants  from 
Europe,  India;  and  other  Old  World  regions  were  obtained.  Mr.  C.  V. 
Piper,  of  Pullman,  Washington,  presented  658  plants  from  that  State. 
An  interesting  collection  from  Mexico,  comprising  139  specimens, 
was  presented  by  Mr.  E.  W.  D.  Holwa}^  of  Minneapolis,  Minnesota. 
Mr.  William  Palmer,  of  the  Museum  staff,  collected  328  plants  in 
Newfoundland  while  engaged  in  making  molds  of  a  whale  at  the 
Balena  whaling  station. 

About  10,000  plants  were  purchased  from  outside  the  United  States. 
The  series  acquired  in  this  manner  were  773  specimens  from  Australia, 
1,606  specimens  from  Mexico,  471  from  Nicaragua,  and  109  from  Costa 
Rica.  Important  purchases  of  plants  of  the  United  States  were  as 
follows:  Utah,  Wyoming,  and  Nevada,  1,402;  California,  1,269;  Vir- 
ginia, 325;  Texas  and  Arkansas,  280;  Florida,  212;  Oregon,  20J:. 

The  national  herbarium  received  from  the  Department  of  Agricul- 
ture ^  accessions,  comprising  1,870  specimens,  among  which  the  most 
important  were  the  collections  made  in  Texas  by  Mr.  Arthur  Howell 
(74  specimens),  by  Mr.  Fred  G.  Plummer  in  New  Mexico  and  Okla- 
homa (97  specimens),  and  by  Mr.  Vernon  Bailey,  also  in  New  Mexico 
(165  specimens). 

The  plants  transmitted  by  the  Bureau  of  Fisheries  have  been  men- 
tioned (see  p.  80).  They  comprise  461  specimens  collected  in  Alaska 
and  Oregon  by  Messrs.  Gilbert,  Evermann,  Chamberlain,  and  others. 
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WORK   ON   THE   STUDY   SERIES. 

In  the  division  of  mammals  the  two  principal  operations  which 
tend  toward  the  preservation  and  improvement  of  the  great  series  of 
specimens  reserved  for  the  use  of  svstematic  zoologists  are  the  clean- 
ing of  skulls  and  the  renovation  of  skins  which  have  deteriorated  on 
account  of  the  presence  of  oily  matter  or  from  other  causes.  During 
the  year  1903-4,  6,760  skulls  were  cleaned,  or  about  2,700  more  than 
in  the  preceding  year.  Somewhat  more  than  two-thirds  of  these  skulls 
belong  to  the  collection  of  the  Biological  Survey,  U.  S.  Department  of 
Agriculture.  At  the  end  of  the  year,  3,000  small  and  1,200  large 
skulls  were  on  hand,  for  which  no  contract  for  cleaning  had  been 
made.  The  importance  of  this  work  is  due  to  the  fact  that  at  the 
present  time  genera  and  species  of  mammals  are  founded  largely  on 
cranial  characters  and  measurements,  which  can  only  be  determined 
satisfactorily  after  the  skulls  have  been  entirely  stripped  of  the  soft 
parts  surrounding  or  attached  to  them. 

During  the  year,  289  skins  of  the  smaller  species  were  made  over 
and  put  in  order,  and  73  large  skins,  such  as  those  of  deer,  antelopes, 
bears,  etc.,  these  being  cleaned  and  tanned. 

The  condition  of  the  collection  as  a  whole  is  excellent,  but  as  no 
new  cases  for  small  species  were  provided  no  improvement  could  be 
made  in  the  systematic  arrangement  of  the  material.  The  large  skins 
are  now  arranged  systematically,  but  are  much  overcrowded.  Dur- 
ing the  year  the  space  behind  the  large  exhibition  case  in  the  east  side 
of  the  west  hall,  about  90  feet  in  length,  was  fitted  with  274  trays, 
and  the  large  skulls  which  are  kept  there  were  arranged  in  systematic 
order,  so  that  the  material  is  now  available.  The  labeling  and  an:ange- 
ment  of  the  alcoholic  series  was  completed  during  the  year,  and  that 
part  of  the  collection  is  in  excellent  condition. 

In  the  division  of  birds,  on  account  of  lack  of  assistance  and  over- 
crowded quarters,  no  special  progress  could  be  made  in  improving 
the  general  condition  of  the  study  series,  but  many  type-specimens 
were  newly  labeled,  obscure  species  identified,  etc.  Some  650  birds 
sent  to  the  Museum  for  naming  during  the  year  by  various  institu- 
tions and  individuals  were  properly  identified,  a  task  which  consumed 
much  time.  A  large  amount  of  material,  comprising  about  3,500 
specimens,  was  borrowed  for  use  by  Mr.  K.  Ridgway  in  connection 
with  his  manual  of  North  and  Middle  American  birds. 

The  collection  of  birds'  eggs  is  reported  to  be  in  better  condition 
than  ever  before.  The  arrangement  of  the  nests  and  eggs  was  much 
improved  during  the  year. 

The  study  collection  of  reptiles  and  batrachians  is  in  a  satisfactory 
condition  and  the  systematic  arrangement  progressed  favombly  dur- 
ing the  year,  though  on  account  of  insufficient  space  many  difficulties 


BEPORT   OP   ASSISTANT   SECRETARY.  87 

are  encountered.  The  entering  of  the  specimens  returned  to  the 
Museum  from  the  estate  of  E.  D.  Cope  was  completed. 

In  the  division  of  fishes,  the  regular  routine  occupied  most  of  the 
time.  The  equipment  was  improved  by  the  addition  of  some  new 
tanks,  and  a  number  of  type-specimens  were  rebottled  and  placed  with 
the  special  series  of  types. 

In  the  division  of  mollusks,  the  arrangement  of  several  families 
was  revised,  and  a  separate  series  was  established  for  the  fauna  of 
the  District  of  Columbia.  The  collection  as  a  whole  is  reported  as 
thoroughly  accessible  and  in  a  good  state  of  preservation. 

The  honorary  curator  of  the  division  of  insects.  Dr.  L.  O.  How- 
ard, reports  as  follows  regarding  the  insect  collections: 

The  insect  collections  were  never  before  so  admirably  arranged  or  so  well  pre- 
served as  they  are  to-day.  This  is  due  principally  to  the  liberality  shown  the  Divi- 
sion in  furnishing  so  many  of  the  standard  insect  drawers,  and  the  specialists  are 
now  arranging  the  several  orders  as  rapidly  as  possible  in  these  drawers. 

Doctor  Dj'ar  continues  his  excellent  work  in  naming,  arranging,  and  increasing  the 
Lepidoptera,  and  deserves  special  mention  for  the  great  work  he  is  doing  for  this 
order.  It  is  mainly  due  to  him  that  the  national  collection  of  these  insects  is  now  so 
large  and  in  such  splendid  systematic  order. 

Mr.  E.  A.  Schwarz,  of  the  U.  S.  Department  of  Agriculture,  is  another  who  haa 
contributed  more  than  anyone  else  to  increasing  the  insect  collections  in  all  orders. 
The  Coleoptera,  now  under  his  charge,  are  probably  not  surpassed  in  any  other 
museum  in  this  country. 

Mr.  D.  W.  Coquillett,  of  the  Department  of  Agriculture,  continues  his  work  on  the 
Diptera  and  has  made  many  additions  to  the  collection  of  the  past  year.  The  Culi- 
cid«,  or  the  mosquitoes,  in  the  collection  are  worthy  of  special  mention,  as  they  have 
been  enormously  increased  the  psist  year  in  all  stages  of  their  development — from 
egg  to  wings — and  the  collection  of  these  insects  in  the  National  Museum  is  probably 
unequaled  in  any  other  museum,  except  the  British  Museum. 

Mr.  Rolla  P.  Currie,  during  the  present  year,  has  been  fully  occupied  in  superin- 
tending and  perfecting  the  collection  of  insects  sent  to  the  St.  Louis  Exposition,  and 
should  receive  credit  for  the  excellence  of  that  exhibit.  Such  time,  however,  as  he 
could  spare  from  this  and  other  work  he  has  devoted  to  the  Neuropteroid  insects — 
Odonata,  Neuroptera,  and  Trichoptera — and  the  collections  of  these  insects  will 
before  a  great  while  be  in  excellent  order  and  arranged  in  the  standard  insect 
drawers. 

Mr.  A.  N.  Caudell,  of  the  Department  of  Agriculture,  has  done  some  excellent 
work  in  arranging  the  Orthoptera,  removed  last  year  to  Doctor  Dyar's  room,  and  now 
virtually  imder  his  charge. 

Doctor  Ashmead  continues  his  w^ork  on  the  Hymenoptera,  and  in  the  coming  year 
hopes  to  have  the  whole  order  arranged  in  the  standard  insect  drawers.  He  has 
published  his  generic  revision  of  the  order,  except  the  ants,  or  the  superfamily 
Formicoidea.  The  generic  revision  of  the  ants  will  probably  be  completed  this 
autumn.  He  has  also  worked  up  all  the  Japanese  and  Philippine  Hymenoptera  now 
in  the  National  Museum,  and  papers  on  these  subjects  will  appear  in  the  Proceedings 
of  the  Museum. 

The  great  order  Rhynchota  still  remains  without  a  specialist  to  take  care  of  it, 
and  almost  nothing  has  been  done  toward  arranging  and  determining  the  rich  collec- 
tion of  these  insects  now  in  the  Museum. 
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In  the  division  of  marine  invertebrates,  a  special  cataloguer  was 
employed  for  two  and  one-half  months  in  bringing  up  the  records  of 
various  series,  especially  the  Hawaiian  crabs  and  shrimps,  the  amphi- 
pods  of  the  New  England  coast,  identified  by  Dr.  S.  J.  Holmes,  and 
the  isopods  obtained  during  the  investigation  of  the  salmon  fisheries 
of  Alaska  by  the  Bureau  of  Fisheries  in  1903.  Fifty-one  sets  of 
duplicates,  each  containing  about  200  specimens,  were  distributed, 
together  with  several  special  sets  of  few  specimens  each. 

As  the  Helminthological  collections  are  without  sepai'ate  permanent 
quarters,  no  special  action  was  taken  in  connection  with  them  beyond 
the  care  required  to  keep  them  in  good  condition.  They  constitute, 
according  to  the  custodian.  Dr.  C.  W.  Stiles,  the  finest  collection  for 
study  purposes  in  the  country. 

The  work  done  in  the  national  herbarium  is  reported  on  as  follows 
by  Mr.  F.  V.  Coville,  honorary  curator: 

During  the  year  we  have  added  64  standard  insect-proof  cases,  making  312  now  in 
use.  In  addition,  we  have  added  5  half-units,  making  12  now  in  use.  Beside  these, 
we  have  had  constructed  17  three- fourths-unit  cases,  for  storage  purposes  only. 
This  gives  us  a  total  of  7,938  pigeonholes.  No  insects  have  been  observed  in  these 
cases  during  the  last  six  months,  although  they  have  been  very  bad  in  other  parts 
of  the  herbarium.  The  entire  herbarium  is  now  stored  in  inseet-proof  cases,  except 
the  following  groups:  Lower  cryptogams  (exclusive  of  algje),  the  ferns  and  feni  allies 
and  the  coniferse. 

Practically  all  the  specimens  which  have  been  mounted  during  the  year  have  been 
stamped  and  recorded.  The  number  of  specimens  stamped  and  incorporated  in 
the  permanent  herbarium  since  its  transfer  to  the  National  Herbarium  on  July  1, 
1894,  is  241,000.     Of  these,  21,000  have  been  added  the  past  year. 

Owing  to  our  small  force,  only  a  little  work  has  been  done  toward  stamping  and 
recording  the  old  part  of  the  herbarium.  Our  record  shows  only  429  of  these  speci- 
mens stamped,  all  of  which  were  loaned  for  study. 

The  specimens  are  recorded  in  large  books,  each  one  of  which  contains  space  for 
6,000  names.  Thirty-live  of  these  have  been  closed  and  13  are  still  open.  Seven 
new  books  were  opened  during  the  year. 

The  following  table  shows  the  number  of  plants  mounted  during  the  last  few 
years,  exclusive  of  the  lower  cryptogams: 

1898-99 22,556 

1899-1900 22,272 

1900-1901 18,117 

1901-02 18,000 

1902-03 21,076 

1903-04 29,700 

The  number  of  specimens  mounted,  as  is  here  shown,  is  29,700.  This  is  the 
largest  number  mounted  during  the  last  six  years.  This  large  number  is  due  to  the 
fact  that  some  $400  was  transferred  to  our  account,  which  was  used  in  mounting 
specimens.  Of  these  plants,  21,900  were  mounted  by  contract  at  a  costjof  $876,  while 
3,350  were  mounted  by  the  Department  of  Agriculture. 

The  rearrangement  of  the  herbarium  according  to  the  Engler  and  Prantl  sequence, 
to  which  reference  was  made  in  the  last  two  annual  reports,  has  been  continued. 
The  work  has  continued  from  near  the  end  of  family  No.  105,  the  Cryciferae,  to  the 
beginning  of  family  No.  246,  Gentianacejc.  Digitized  by  vjOOQI^ 
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COOPERATION   OF  SPECIALISTS  AND  LOAN   OF  COLLECTIONS. 

The  Museum  continued,  as  in  previous  years,  the  custom  of  lending 
specimens  to  specialists  engaged  in  scientific  investigations.  The 
activity  in  this  direction  among  mammalogists  was  about  the  same  as 
last  year.  Seventeen  lots,  comprising  316  specimens,  were  sent  out  to 
eight  persons.  Among  the  specimens  were  five  types.  The  principal 
loan  consisted  of  244  bats,  which  were  sent  to  Mr.  J.  A.  G.  Rehn,  of 
Philadelphia,  who  is  engaged  in  the  study  of  the  American  species  of 
this  order.  Among  the  remaining  classes  of  vertebrates  the  transac- 
tions of  this  kind  were  less  numerous,  amounting  in  all.  to  nine  or  ten 
lots,  comprising  somewhat  more  than  50  specimens. 

The  loans  of  insects  and  lower  invertebrates  were  far  more  numer- 
ous, amounting  to  more  than  5,500  specimens  in  the  case  of  the  former. 
Among  them  the  most  extensive  were  1,914  Coleoptera,  sent  to  Dr. 
F.  E.  Blaisdell,  of  San  Francisco,  California;  1,709  Orthoptera  to  Mr. 
J.  A.  G.  Rehn,  of  Philadelphia;  493  Rhynchota  to  Prof.  P.  R.  Uhler, 
of  Baltimore;  and  440  Diptera,  of  the  family  Tabanidse,  to  Prof. 
James  S.  Hine,  of  the  Ohio  State  University,  Columbus,  Ohio. 

The  collections  of  marine  invertebrates  made  during  the  investiga- 
tion of  the  salmon  fishery  of  Alaska  by  the  Bureau  of  Fisheries  in  1903, 
were  sent  to  the  following  specialists  for  identification  and  report: 
Siphonostoma  to  Prof.  Charles  B.  Wilson;  Pycnogonida  to  Dr.  Leon 
J.  Cole;  Schizopoda  to  Dr.  A.  E.  Ortmann;  Amphipoda  to  Dr.  S.  J. 
Holmes;  Cirripedia  to  Prof.  H.  A.  Pilsbry.  Doctor  Ortmann  also 
received  the  Schizopoda  collected  by  the  Bureau  of  Fisheries  steamer 
Albatross  in  1891,  for  use  in  connection  with  the  report  on  the  collection 
of  1902.  A  number  of  starfishes  from  Bering  Sea  and  the  Arctic  Ocean 
were«ent  to  Prof.  A.  E.  Verrill  for  use  in  connection  with  his  report  on 
the  starfishes  of  the  Hamman  Alaska  Expedition.  Several  lots  of 
actinians  were  sent  to  Dr.  J.  E.  Duerden,  who  is  preparing  a  report 
for  the  Bureau  of  Fisheries  on  the  forms  found  in  the  Hawaiian 
Islands,  and  also  on  species  held  in  the  claws  of  certain  crabs.  Fifty 
bottles  of  surface  towings  from  the  Woods  Hole  region  were  sent  to 
Dr.  K.  W.  Genthe,  from  which  to  sort  out  copepod  crustaceans  for  a 
report  on  that  group. 

The  general  collection  of  Cumacea  was  forwarded  to  Dr.  W.  T. 
Caiman  of  the  British  Museum  for  study. 

Loans  of  plants  from  the  National  Herbarium  were  about  as  numer- 
ous as  last  year,  comprising  43  lots,  containing  2,873  sheets,  as  com- 
pared with  35  lots,  containing  2,704  sheets,  sent  out  in  1902-03.  The 
principal  loans  were  as  follows: 

To  Dr.  Janet  Perkins,  at  the  Berlin  Botanical  Garden,  1,150  Philip- 
pine plants;  to  Dr.  B.  L.  Robinson,  Gray  Herbarium,  Harvard  Uni- 
versity, 423  sheets  of  Mexican  plants  and  specimens  of  Xyris  and 
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Polygonum;  to  Dr.  Theo.  Holm,  Brookland,  District  of  Columbia,  277 
sheets  of  Carex^  Betxda^  Lychnu^  etc.;  to  Mr.  George  R.  Shaw, 
Arnold  Arboretum,  Jamaica  Plains,  Massachusetts,  212  specimens  of 
pines;  to  Mr.  Oakes  Ames,  219  specimens  of  orchids. 

DISTRIBUTION   OF   SURPLUS   MATERIAL. 

As  already  stated,  51  sets  of  duplicate  specimens  of  marine  inver- 
tebrates were  distributed  during  the  year.  These  sets  contain  about 
200  specimens  each,  representing  from  92  to  99  species,  and  as  many 
different  groups  as  the  nature  of  the  material  available  permits.  Of 
the  10,000  or  more  specimens,  somewhat  less  than  one-half  went  to 
high  schools,  and  the  remainder  to  various  other  public  schools, 
and  to  universities,  colleges,  academies,  seminaries,  institutes,  and 
maseums.     Eighteen  States  are  represented  in  this  distribution. 

LABORATORY   USE   OF  THE   COLLECTIONS   BY   INVESTIGATORS. 

The  bird  collections  have  been  very  frequently  consulted  during  the 
year  by  ornithologists  from  different  parts  of  the  country.  The  col- 
lections from  the  Western  States  were  examined  by  Mrs.  Vernon 
Bailey,  of  Washington  City,  who  is  revising  her  handbook  of  western 
birds.  The  bluebirds  and  crested  flycatchers  were  studied  by  Mr. 
E.  W.  Nelson,  of  the  Biological  Survey,  in  connection  with  a  list  of 
Mexican  birds  which  he  is  preparing.  Mr.  H.  C.  Oberholser,  of  the 
sanie  Bureau,  made  almost  daily  use  of  the  collection  in  connection 
with  his  official  work,  and  also  for  identifying  birds  sent  in  by  various 
correspondents,  and  in  preparing  a  report  for  the  Museum  on  Doctor 
Abbott's  collection  from  Moufit  Kilima-njaro,  East  Africa.  Prof. 
W.  W.  Cooke,  another  ornithologist  of  the  Survey,  examined  the 
North  American  series  in  connection  with  his  study  of  migrations. 
The  entire  study  series  was  examined  by  Dr.  R.  M.  Strong,  of  the 
University  of  Chicago,  on  points  connected  with  his  researches  on 
the  structure  and  color  of  feathers.  The  Nomenclature  Committee  of 
the  American  Ornithologists'  Union  considered  the  validity  of  various 
species  and  subspecies  of  North  American  birds  as  represented  in  the 
collection.  Dr.  Jonathan  Dwight,  jr.,  examined  the  collection  of 
North  American  gulls. 

In  the  division  of  reptiles,  Mr.  W.  P.  Hay  was  given  facilities  for 
studying  specimens  of  the  diamond-back  terrapins,  on  which  he  is  pre- 
paring a  report  for  the  Bureau  of  Fisheries.  Mr.  Vernon  Bailey  spent 
several  weeks  in  studying  the  reptiles  of  Texas. 

The  collection  of  fishes  was  frequently  consulted  by  the  ichthj-olo- 
gists  of  the  Bureau  of  Fisheries,  especially  Messrs.  Ev^ermann,  Kendall, 
Goldsborough,  and  Pope. 

Mr.  llalph  Arnold  made  a  stud\'  of  the  Western  American  Pectinidee, 
in  connection  with  a  monograph  of  the  group  which  he  has  in  contem- 
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plation.     Col.  Thomas  L.  Caesy,  U.  S.  Army,  made  an  investigation 

of  the  fossil  and  recent  Pleurotonidai  for  a  classification  of  that  family. 

Regarding  the  insect  collections,  Doctor  Howard  reports  as  follows: 

Prof.  J.  B.  Smith,  of  New  Brunswick,  New  Jersey,  W.  D.  Kearfott,  of  New  York, 
Dr.  W.  J.  Holland,  Pittsburj?,  Pennsylvania,  Wm.  Schaus,  London,  England,  and 
others,  have  consulted  the  collection  of  Lepidoptera;  John  H.  Emerton,  of  Boston, 
and  Prof.  R.  V.  Chamberlain,  of  Cornell  University,  made  use  of  the  collection  of 
AiachnidBe;  C.  Schaeffer,  of  Brooklyn,  Dr.  Henry  Skinner,  of  Philadelphia,  and 
others,  have  made  studies  on  our  Coleoptera;  several  physicians  have  examined  our 
collection  of  mosquito  larvae.  The  Carnegie  Institute  has  also  had  the  use  of  our 
Poligtse  for  the  purpose  of  illustrating  a  paper  on  the  American  species. 

Regarding  investigation  carried  on  in  the  national  herbarium,  Mr. 
Coville  reports  as  follows: 

Dr.  E.  L.  Greene,  of  the  Catholic  University  of  America,  has  spent  much  time 
here  engaged  on  various  lines  of  systematic  work.  Dr.  N.  L.  Britton,  director  of  the 
New  York  Botanical  Garden,  has  been  a  frequent  visitor,  being  engaged  with  Mr. 
Rose  in  preparing  a  monograph  of  the  North  American  genera  of  Crassulaceae,  which 
will  soon  be  published.  Mr.  Theo.  Holm,  of  Brookland,  District  of  Columbia,  has 
frequently  been  here  to  examine  our  Carices.  He  has  frequently  borrowed  material 
to  take  to  his  home,  and  we  have  had  specimens  sent  on  here  for  him  to  study.  We 
have  endeavored  to  give  him  every  facility  to  carry  on  his  work  and  to  grant  all 
requests  consistent*with  the  Museum  rules  and  regulations.  Prof.  E.  L.  Morris,  of  the 
Washington  High  School,  has  been  studying  the  genus  PlantagOj  doing  much  of  his 
work  at  the  herbariimi.  We  have  borrowed  several  collections  for  him  from  other 
institutions. 

The  following  persons  from  the  Department  of  Agriculture,  in  addition  to  those 
officially  connected  with  the  Division,  have  frequently  consulted  the  herbarium: 
Mr.  L.  H.  Dewey,  Mr.  V.  K.  Chestnut,  Mr.  W.  F.  Wight,  Mr.  C.  L.  Sheer,  Mr.  C.  R. 
Ball,  Mr.  P.  L.  Bicker,  Mr.  C.  F.  Wheeler,  Mr.  C.  V.  Piper,  Mr.  Scofield. 

• 
SCIENTIFIC   RESEARCHES  AND  INVESTIGATIONS. 

While  the  preparations  for  the  St.  Louis  Exposition  occupied  a 
portion  of  the  time  of  nearly  every  member  of  the  scientific  staff,  on 
the  other  hand  the  separate  management  of  the  exhibition  work  by  a 
chief  designated  for  that  purpose  more  than  compensated  for  the  diver- 
sion. The  scientific  work  accomplished  during  the  year,  therefore, 
showed  no  important  diminution  as  compared  with  that  of  previous 
years.  A  complete  list  of  papers  published  will  be  found  under  the 
heading  '' Bibliography '\ 

Work  on  the  manual  of  the  Birds  of  North  and  Middle  America  was 
continued  by  Mr.  Ridgway  without  interruption  during  the  year. 
Part  1  of  this  work  was  published  in  1901  and  part  2  in  1902.  Part  3 
was  printed  to  page  472  and  the  manuscript  for  the  remainder  com- 
pleted and  sent  to  press.  Of  part  4,  more  than  700  pages  of  manuscript 
were  made  ready  for  the  printer,  and  the  work  beyond  that  point  is  well 
in  hand.  Mr.  Ridgway  was  assisted  after  January  1, 1901,  by  Mr.  J .  H. 
Biley,  who  prepared  the  necessary  tables  of  measurements,  etc:^^^T^ 
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Mr.  Ridgway  also  published  during  the  year  two  papers  containing" 
descriptions  of  4  new  genem  and  29  new  species  and  subspecies  of 
American  birds. 

Lists  of  the  birds  collected  by  Doctor  Abbott  and  Mr.  C.  B.  Kloss 
on  Anambas  and  Tambelans  islands,  China  Sea,  and  at  Tringanu,  Malay 
Peninsula,  were  prepared  by  Doctor  Richmond  and  sent  to  Mr.  Kloss 
at  his  request.  Doctor  Richmond  also  completed  the  majorit}^  of 
identifications  of  the  birds  collected  by  Doctor  Abbott  on  the  islands 
off  the  west  coast  of  Sumatra  and  published  tive  notes  on  matters  of 
zoological  nomenclature. 

Mr.  J.  H.  Riley  published  three  notes  on  birds  of  the  Bahama 
Islands,  including  a  description  of  a  new  nighthawk. 

Dr.  F.  W.  True  submitted  the  manuscript  of  his  memoir  of  the 
Whalebone  Whales  of  the  Western  North  Atlantic  for  publication, 
and  at  the  close  of  the  year  the  entire  work,  consisting  of  about  3()() 
pages,  with  50  plates,  had  passed  through  the  press*  During  the  year 
he  published  four  papers  on  cetaceans  and  a  number  of  articles  for  the 
Encyclopedia  Americana. 

The  study  of  Doctor  Abbott's  collections  of  mammals  from  the 
Malay  Archipelago  was  continued  by  Mr.  CI.  S.  Miller,  jr.,  during 
the  year.  lie  published  descriptions  of  70  new  species  from  these 
collections,  including  a  new  genus  and  6  new  species  of  monkeys,  2 
new  species  of  mouse-deer  {Ti^agulm)^  and  6  new  species  of  flying 
lemurs  {GaleopHheciu^^  etc.  He  published  also  descriptions  of  4 
additional  species  of  Old  World  mammals,  a  note  on  the  bat  Euderjua 
vmcnlatjun^  and  a  paper  on  bats  collected  by  Mr.  William  Palmer  in 
Cuba.  In  addition,  Mr.  Miller  continued  work  on  a  reclassification  of 
the  Cheiroptera.  Dr.  M.  W.  Lyon  completed  his  study  of  the  osteology 
of  the  hares  and  their  allies,  mentioned  in  last  year's  report,  and  pub- 
lished an  elaborate  revision  of  the  genera  and  subgenera,  based  on 
osteological  chai'acters. 

Doctor  Stejneger's  Ilerpetology  of  Porto  Rico  was  published  during 
the  year  in  the  Museum  report  for  1902.  It  is  a  comprehensive  work 
of  175  pages,  with  numerous  illustrations.  Doctor  Stejneger  con- 
tinued his  investigation  of  the  reptile  fauna  of  eastern  Asia,  and  also 
worked  up  the  collections  obtained  by  Dr.  Hugh  M.  Smith  in  Japan 
and  by  Mr.  J.  H.  Riley  in  the  Bahama  Islands.  The  latter  contained 
a  new  species  of  iguana,  which  was  named  Cyclura  rih^yl  by  Doctor 
Stejneger.  He  also  published  a  description  of  a  new  snake  from 
Florida  and  a  new  lizard  from  Texas,  together  with  a  report  on  the 
Fifth  Zoological  Congress,  to  which  he  was  delegate. 

A  report  on  the  fishes  collected  in  the  l^hama  Islands  by  Mr.  B.  A. 
Bean  for  the  Baltimore  Geographical  Society  was  prepared  by  him  for 
the  society.  It  included  a  list  of  165  species,  with  notes  on  their 
habits,  abundance,  and  uses.     Mr.  Bean  also  identified  the  collection 
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of  fishes  of  the  Nile  made  by  the  Senflf  Expedition  of  1899,  and  published 
notes  on  collections  from  North  Carolina  and  the  Barbados. 

Dr.  William  H.  Dall  completed  reviews  of  the  nomenclature  of  the 
Pupacea  and  of  the  history  and  classification  of  the  Tritons  and  Frog- 
shells,  and  also  a  summary  of  the  recent  and  fossil  land-shell  fauna 
of  the  Bahamas.  He  also  began  a  general  review  of  the  land  and  fresh- 
water shells  of  Alaska  and  adjoining  regions  in  Asia  and  North 
America.  His  publications  on  recent  mollusks  for  the  year  consisted 
of  descriptions  of  13  new  species  from  California,  a  new  genus  of 
TrochidsB  from  Hawaii,  three  notes  on  nomenclature,  a  note  on  the 
family  Septida?,  and  one  on  the  relations  of  Gundlachia  and  Ancylus, 
He  also  published  conjointly  with  Mr.  Paul  Bartsch  the  chapter  on 
the  Pyramidellidce  in  Mr.  Ralph  Arnold's  Paleontology  of  San  Pedro, 
California,  a  synopsis  of  the  genera  of  the  same  family,  a  revision  of 
Ampullaria^  and  a  description  of  a  new  California  species  of  IWi- 
phniia. 

Mr.  Bartsch  continued  work  on  the  Pyramidellidce,  as  noted  in  last 
year's  report,  and  published  descriptions  of  new  species  of  Seissurella 
and  SonorelUu  a  note  on  LhruiJ*^  and  also  an  account  of  the  herons 
living  in  the  District  of  Columbia. 

The  bibliography  of  the  staff  of  the  Division  of  Insects  (including 
the  honorary  officers)  for  the  year  comprises  114  titles.  It  is  obvi- 
ously impossible  to  mention  so  large  a  number  in  detail  in  this  place, 
but  a  full  list  will  be  found  under  ^' Bibliography ".  Dr.  L.  O. 
Howard  published  16  papers,  including  one  in  the  Yearbook  of  the 
Department  of  Agriculture  for  1903  on  silk  culture.  Doctor  Ash- 
mead'^s  papers  number  20,  the  most  extensive  l>eing  a  classification  of 
the  Chalcid  flies,  based  partly  on  the  collection  of  the  National  Museum 
and  published  by  the  Carnegie  Museum  of  Pittsburg.  Tt  consists  of 
32t)  pages  and  9  plates.  Dr.  H.  G.  Dyar's  entomological  publications 
for  the  year  numbi^r  31,  among  them  being  a  paper  of  KJO  pages  on 
the  I^pidoptera  of  the  Kootenai  District  of  British  Columbia.  Mr. 
D.  W.  Cocjuillett  published  15  papers,  including  descriptions  of  new 
genera  and  species  in  Mrs.  C.  F.  Baker's  reports  on  the  Diptera  of 
California.  Mr.  Nathan  Banks's  publications  on  spiders  were  of  equal 
num>M?r;  among  them  one  on  Pliasmida?  of  23  pages,  the  spiders  of 
Florida,  containing  a  list  of  279  species,  of  which  13  were  new  (28  pp.). 

Mr.  Caudell  published  14  papers,  among  them  one  on  the  Walking- 
sticks  (Phasmidie)  of  the  United  States  (23  pp.)?  containing  descrip- 
tions of  a  new  subfamily,  three  new  genera,  and  four  new  species. 
Mr.  R.  P.  Currie  published  an  account  of  an  insect-collecting  trip  in 
British  Columbia  (14  pp.)  and  two  other  papers. 

Dr.  J.  E.  Benedict's  revision  of  the  crustaceans  of  the  genus 
Lepldopa^  mentioned  in  last  year's  report,  was  published  in  the  Pro- 
ceedings of  the  Museum,  and  he  has  continued   his  studies  of    the 


94  REPORT   OF   NATIONAL   MUSEUM,  1904. 

anomurans  and  published  a  paper  on  new  albuneids.  Miss  M.  J. 
Rathbun's  monograph  of  the  fresh-water  crabs  (Potamonidae)  was 
completed  and  is  in  course  of  publication  in  the  Archives  of  the 
Paris  Museum  of  Natural  History.  She  also  continued  work  on 
the  Hawaiian  crabs.  Her  report  on  the  decapod  crustaceans  of  the 
northwest  coast  of  North  America  (190  pp.)  was  published  in  the 
Harriman  Alaska  Expedition  series.  A  report  on  Lsopod  crustaceans 
of  this  region  by  Dr.  Harriet  Richardson  was  included  in  the  same 
volume.  Doctor  Richardson  published  two  other  papers  on  isopods 
during  the  ^ear. 

Dr.  C.  W.  Stiles,  custodian  of  the  helminthological  collection, 
completed  his  investigation  of  the  hookworm  disease  in  the  Southern 
States,  and  undertook  an  investigation  of  the  *' spotted  fever."  He 
published  two  papers  relating  to  parasites,  and,  in  cooperation  with 
Dr.  Albert  Hassall,  the  fourth,  fifth,  and  sixth  parts  of  an  index 
catalogue  of  medical  and  veterinary  zoology. 

The  titles  of  papers  published  by  Dr.  F.  V.  Coville,  honorary- 
curator  of  the  national  herbarium,  are  given  in  the  Bibliography  (Ap- 
pendix in  of  this  Report).  Dr.  J.  N.  Rose  continued  the  study  of  the 
Ci'assulaceee,  and  expects  soon  to  publish  a  monograph  of  that  family 
conjointly  with  Dr.  N.  L.  Britton.  One  preliminary  paper  on  the 
family  by  these  authors  appeared  during  the  year,  in  which  eleven 
new  genera  and  a  large  number  of  new  species  were  described. 
Doctor  Rose  also  published  a  description  of  a  new  species  of  Begonia. 
He  was  invited  to  join  Doctor  Britton  in  a  work  on  the  cactuses  of 
North  America,  the  investigations  for  which  will  occupy  some  four  or 
five  yeai-s.  Mr.  W.  R.  Maxon  gave  some  time  to  the  study  of  the 
ferns  of  the  Philippine  Islands. 

PERSONNEL. 

Dr.  Edward  L.  Greene  was  appointed  honorary  avssociate  in  bot- 
any June  1,  1{»04. 

The  Head  Cumtor  was  appointed  representative  of  the  Smithsonian 
Institution  and  National  Museum  for  the  Lewis  and  Clark  Exposition, 
Portland,  Oregon,  1905. 

Dr.  Leonhard  Stejneger  acted  as  Head  Curator  of  the  Department 
from  January  to  May,  1904.  He  wa.s  also  appointed  representative 
of  the  National  Museum  at  the  Sixth  Zoological  Congress,  Berne, 
Switzerland.  Mr.  G.  S.  Miller,  jr.,  was  also  designated  as  a  delegate 
to  this  congress. 

Mr.  F.  A.  Lucas,  curator  of  the  division  of  comparative  anatomy, 
severed  his  connection  w  ith  the  stafli  of  the  Museum  on  June  30, 1904. 

Dr.  J.  E.  Benedict,  assistant  curator,  was  designated  to  act  tempo- 
rarily as  chief  of  exhibits,  on  May  17,  1904. 
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Mr.  J.  H.  Riley,  aid,  was  transferred  on  Det^ember  30,  1903,  from 
the  section  of  birds'  eggs  to  the  division  of  birds,  to  assist  Mr.  R. 
Ridgway  in  completing  his  Manual  of  the  Birds  of  North  and  Middle 
America,  and  Mr.  Edward  Horgan  was  appointed  temporarily  in  his 
place. 

Mr.  R.  P.  Currie,  aid,  division  of  insects,  was  transferred  to  the 
Department  of  Agriculture  on  June  30,  lOOtt. 

Mr.  C.  A.  McKnew  was  appointed  aid  in  the  division  of  fishes  on 
April  16,  1904. 

Mr.  F.  A.  Walpole,  artist  in  the  national  herbarium,  died  May  11, 
1904. 

Mr.  Henry  Mai-shall,  bird  taxidermist,  died  May  26,  1904. 

Mr.  C.  L.  Pollard,  assistant  curator,  division  of  plants,  was  given 
an  extended  furlough,  beginning  October  1,  1903,  to  enable  him  to 
engage  in  temporary  botanical  work  elsewhere. 
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EEPOET  OH  THE  DEPAETMEHT  OF  GEOLOGY 
FOE  THE  TEAE  1903-04. 

By  George  P.  Merrill, 
Head  Ctirator. 

The  year  1903-04  compares  favorably  with  those  immediately  pre- 
ceding it  in  both  the. number  and  value  of  accessions.  Indeed,  when 
that  acquired  for  the  Ijouisiana  Purchase  Exposition  is  taken  into 
consideration,  the  value  of  exhibition  material  received  exceeds  that  of 
either  of  the  two  previous  years.  As,  however,  much  of  this  has  not 
yet  been  installed  in  the  Museum  collections,  its  full  value  can  not  be 
made  apparent 

ACCESSIONS. 

The  total  number  of  accessions  received  by  the  Department  is  shown 
in  tabular  form  below,  those  of  1902-03  being  also  given  for  purposes 
of  comparison: 


Divisions  and  sections. 


G«»Iogy 

Mineralogy 

Invertebrate  paleontology. 
Vertebrate  paleontology. . . 
Paleobotany 


1908-M. 

1902-03. 

377 

371 

143 

110 

106 

86 

45 

22 

19 

16 

Below  is  a  list  of  the  more  important  of  the  materials  received: 

DIVISION    OF   (5EOLOGY. 

1.  A  series  of  102  vspecimens  of  platiniferous  rocks  from  the  Demi- 
doff  Mines,  Kussia;  gift  of  M.  Juarez  Sponville. 

2.  A  magnificent  mass  of  amethystine  quartz,  weighing  some  400 
pounds,  from  the  extraordinary  geode  discovered  a  few  years  since  in 
Rio  Grande  do  Sul,  Brazil,  and  described  by  Dr.  (i.  F.  Kunz  in  the 
Mineral  Resources  for  1901. 

3.  A  series  comprising  78  specimens  of  rocks,  illustrating  the  occur- 
rence and  association  of  the  diamond  at  the  De  Beers  Consolidated 
Mines,  Kimberley,  South  Africa.  These  came  to  the  Museum  as  a 
gift  from  Mr.  Gardner  F.  Williams,  the  manager  of  the  mines,  and 
the  author  of  the  work  The  Diamond  Mines  of  South  Africa. 
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4.  A  series  of  22  specimens  of  copper  and  its  associations  from 
Calumet,  Michigan. 

5.  A  large  slab  of  polished  rose  quartz,  some  33  by  39  by  5  inches, 
from  the  Black  Hills  of  South  Dakota. 

6.  A  beautiful  nugget  of  native  silver;  gift  of  Mr.  A.  L.  Pellegrin, 
Nogales.  Arizona. 

7.  A  sample  of  diamond-bearing  gravel  with  small  diamond  attached 
from  Minas  Geraes,  Brazil;  gift  of  Prof.  O.  A.  Derby. 

In  addition,  mention  should  be  made  of  a  fine  series  of  opalized 
wood  from  near  Logan,  Montana,  and  a  unique  series  of  silicified  gey- 
ser tubes  from  southwestern  Wyoming  (both  collected  for  the  Louisi- 
ana Purclmse  Exposition  by  the  Head  Curator);  some  large  slabs  of 
the  peculiar  porphyritic  rock  known  as  leopardite  from  near  Salisbury, 
North  Carolina,  and  of  orbicular  diorite  from  near  Advance,  in  the 
same  State;  also  of  the  various  quadrangle  series,  comprising  some 
385  specimens,  received  from  the  U.  S.  Geological  Survey. 

DIVISION   OP  MINERALOGY. 

1.  The  largest  accession  of  the  year  comprised  some  600  specimens 
illustrating  the  occurrence  and  association  of  zeolites  and  other  sili- 
cates in  the  trap  rocks  of  New  Jersey.  The  collection  is  remarkably 
complete  and  valuable  for  both  study  and  exhibition  purposes.  It 
came  to  the  Museum  through  the  instrumentality  of  Dr.  William  S. 
Disbrow,  of  Newark,  New  Jersey,  to  whom  we  have  been  indebted  for 
much  interesting  material  in  years  past. 

Of  historical  interest,  the  division  has  also  received  from  this  same 
gentleman  one  of  the  first  known  crystals  of  American  spodumene, 
forming  one  of  the  lot  exhibited  by  Dr.  Edward  Hitchcock  in  New 
England  in  the  earl}^  part  of  the  last  century. 

2.  An  example  of  the  recently  discovered  and  described  pink  spodu- 
mene known  locally  as  kunzite  and  utilized  as  gem  material;  the  gift 
of  Mr.  F.  M.  Sickler. 

3.  A  specunen  of  anglesite  with  sulphur  on  galena  from  Monte  Poni. 
The  material  is  of  interest  in  showing  the  processes  of  oxidation  and 
reduction  in  the  same  specimen. 

4.  A  series  of  artificial  stones  used  in  the  gem  trade,  including  fine 
examples  of  pastes,  doublets,  triplets,  and  stones  artificially  colored; 
the  gift  of  Mr.  Oscar  T.  Johnasson. 

5.  Cut  turquoise  from  Idaho,  Clay  County,  Alabama;  the  gift  of 
Mr.  Eugene  A.  Smith. 

6.  A  set  of  paste  models  showing  the  various  forms  in  which  gems 
are  cut. 

7.  Several  important  additions  have  been  made  to  the  meteorite 
collection,  including  examples  of  the  Trenzano  fall,   weighing  lt>3 
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grams;  the  Franceville,  Missouri,  iron,  weighing  300  grams;  the 
Mukerop,  South  Africa,  iron,  weighing  14,288  grams;  and  the  Finn- 
marken  pallasite,  weighing  595  grams. 

In  addition  is  to  be  mentioned  a  large  series  of  showy  quartzes  and 
calcites  obtained  by  gift,  collection,  and  purchase  for  the  Louisiana 
Purchase  Exposition.  This  includes  some  magnificent  smoky  quartzes 
from  Montana,  the  gift  of  Mr.  A.  P.  Pohndorf  and  Mr.  J.  R.  Whar- 
ton, beautiful  agates,  opals,  and  other  materials  which  can  not  be 
described  in  detail  until  they  are  returned  from  the  Exposition. 

INYBRTBBRATB  PALEONTOLOGY. 

The  permanent  accessions  in  this  division  amount  to  something  like 
68,000  specimens,  though,  naturally,  this  includes  much  duplicate 
material. 

1.  The  largest  single  accession  includes  some  40,000  reserve  speci- 
mens transferred  from  the  U.  S.  Geological  Survey.  These  are  for 
the  most  part  determined,  labeled,  and  arranged  in  zoological  and 
stratigraphical  order,  and  comprise  the  material  which  Dr.  William 
H.  Dall  and  his  assistants  have  spent  years  in  gathering  and  working 
up  to  its  present  high  scientific  value. 

2.  The  Survey  has  also  turned  over  to  this  Museum  another  very 
valuable,  though  in  large  pai*t  unworked,  collection.  This  comprises 
a  series  of  some  1,932  Tertiary  insects,  brought  together  by  Dr.  Sam- 
uel H.  Scudder,  besides  many  hundred  original  drawings,  a  great  part 
of  which  are  unpublished.  Mr.  Charles  Schuchert  reports  that  this 
transfer  makes  the  Museum  collection  of  fossil  insects  the  largest  in 
America,  if  not  in  the  world. 

3.  Second  only  to  the  accessions  mentioned  above  is  the  final  por- 
tion of  the  E.  O.  Ulrich  collection.  This  embraces  the  mollusea  and 
miscellaneous  materials  of  this  most  valuable  collection,  and  comprises 
no  less  than  15,000  reserve  specimens  and  500  lots  of  original  types  or 
illustrated  specimens. 

4.  From  the  Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia, 
through  Dr.  Frederich  von  Schmidt,  was  received  as  a  gift  an  excel- 
lent suite  of  Ijower  Silurian  Estland  fossils.  The  material  was  selected 
by  Mr.  Schuchert  while  in  Russia  for  the  purpose  of  making  correla- 
tions between  the  Russian  and  American  faunas. 

5.  From  the  Zoological  Museum  of  the  University  of  Copenhagen, 
Denmark,  through  Prof.  G.  M.  R.  Levinson,  there  was  received  in  , 
the  way  of  exchange  a  fine  series  comprising  more  than  100  specimens 
of  identified  European  Mesozoic  and  Tertiary  bryozoa. 

6.  From  the  Yale  University  Museum,  through  Dr.  C.  E.  Beeeher, 
was  received  as  a  gift  a  collection  of  18  species,  comprising  580  speci- 
mens, of  Hamilton  brachiopods,  representing  the  various  stages  of 
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growth.  This  is  a  collection  of  more  than  ordinary  value,  because 
of  the  great  care  exercised  by  Doctor  Beecher  in  the  selection  and 
mounting  of  the  material. 

7.  From  Mr.  B.  E.  Walker,  Toronto,  Canada,  as  a  gift,  there  was 
received  a  number  of  excellent  cystids  from  the  Silurian  of  Grimsby, 
Ontario. 

8.  For  exhibition  at  St.  Louis  there  were  obtained,  largely  by  pur- 
chase, an  excellent  series  of  Lower  Devonian  starfishes  and  crinoids,  a 
large  slab  with  many  fine  examples  of  Pentacrinus  fossiUs^  a  similar 
slab  of  Trigonui  clavata,  several  large  ammonites,  and  an  excellent 
series  of  Solenhofen  invertebrate  fossils. 

VERTEBRATE   PALEONTOLOGY. 

1.  The  most  important  accession  of  the  year  was  a  specimen  of  the 
pterodactyl,  Rhamphorhynchus  phylVurus^  showing  the  impression  of 
the  wing  and  tail  membranes.  This,  as  well  as  fine  specimens  of 
ichthyosaur  and  teleosaur  {Stenosaurus)  and  a  number  of  fishes  typical 
of  the  fauna  of  the  lithographic  limestone,  was  purchased  for  the 
Louisiana  Purchase  Exposition. 

2.  A  cranium  of  Bison  alleni^  presented  by  Mr.  D.  McLean,  of 
Rampart  city,  Alaska,  is  important  from  the  fact  that  it  is  the  first 
specimen  of  this  species  obtained  in  Alaska,  and  because  the  horn 
material  itself  was  preserved. 

PALEOBOTANY. 

The  only  accessions  of  great  importance  in  this  department  were: 

1.  One  hundred  aud  ninety  specimens  from  Mazon  Creek,  Illinois; 
Athens,  Ohio;  and  other  localities,  which  form  a  part  of  the  Carl 
Rominger  collection  purchased  a  year  ago.  This  collection  is  especially 
valuable  as  containing  a  fair  representation  of  silicified  trunks,  par- 
ticularly of  the  genera  DadoxyUm  and  Psaronms.  These  were  accom- 
panied by  a  series  of  well-prepared  microscopic  sections. 

2.  One  hundred  and  thirty-two  specimens  from  the  higher  beds  of 
the  anthracite  series,  collected  and  presented  to  the  Museum  by  Mr. 
C.  W.  Unger,  of  Pottsville,  Pennsylvania. 

ROUTINE. 

In  the  division  of  geolo^  some  1,250  labels  for  the  exhibition 
series  have  been  printed  and  distributed;  at  least  a  thousand  duplicates 
have  been  sorted  out  from  the  material  that  has  been  gradually  accu- 
mulating for  years  past,  labeled,  wrapped,  and  sent  to  storage  to 
be  utilized  for  exchanges  and  future  distribution;  8,632  catalogue, 
})ibliographic,  and  title  cards  have  been  prepared;  1,041  slips  written 
for  the  type  catalogue;  1,530  catalogue  entries  made;  copy  for^  (U2 
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labels  prepared  for  the  printer;  193  temporary  labels  prepared  for  the 
exhibition  series;  2,140  slips  for  the  reserve  collections;  895  pages  of 
manuscript  of  scientific  material  prepared;  and  3,658  specimens  have 
been  permanently  numbered  in  oil  colors. 

The  entire  lithological  study  series  has  been  overhauled  and  a  com- 
plete card  catalogue  made  of  the  same. 

The  geological  section  across  North  America,  referred  to  in  my 
previous  reports,  has  been  completed  and  placed  on  exhibition  against 
the  south  wall  of  the  west-south  range.  This,  it  will  be  remembered, 
comprises  a  section  on  a  scale  of  2  miles  to  the  inch,  extending  from 
the  coast  of  North  Carolina  to  that  of  California  near  San  Francisco. 

Upward  of  300  thin  sections  of  rocks  have  been  prepared. 

In  the  division  of  minerals  the  entire  descriptive  exhibition  series 
has  been  overhauled  and  labeled.  The  work  on  a  card  catalogue  of 
the  mineralogical  collection  is  progressing  favorably,  some  4,300  cards 
having  been  thus  far  prepared. 

In  the  division  of  stratigraphic  paleontology  Mr.  Schuchert  reports 
that  Mr.  R.  S.  Bassler  has  spent  a  large  portion  of  the  fiscal  year  in 
the  work  of  unpacking,  labeling,  and  sorting  specimens,  and  remount- 
ing the  thin  sections  of  bryozoa  in  the  E.  O.  Ulrich  collection.  To 
this  collection  have  now  been  added  nearly  all  the  other  Museum 
bryozoti,  the  greater  part  of  which  are  in  an  unworked  condition. 

During  the  year  there  have  been  put  away  in  final  Museum  condi- 
tion probably  not  less  than  a  hundred  thousand  specimens.  The  exact 
number  can  not  be  given,  since  the  Paleozoic  collections  have  been 
growing  at  a  remarkable  rate.  This  growth  is  due  largely  to  the  pur- 
chase during  the  past  three  years  of  the  Ulrich,  Rominger,  and  Sher- 
wood collections,  besides  much  other  material,  not  including  such  as 
comes  to  the  Museum  regularly  from  the  U.  S.  Geological  Survey 
and  through  the  efforts  of  the  departmental  staff.  The  registering  of 
these  specimens,  as  well  as  the  work  of  painting  the  numbers  and 
making  the  cards,  is  now  far  behind,  owing  to  the  lack  of  sufficient 
assistance. 

The  work  of  preparing  for  distribution  500  school  collections  of 
invertebrate  fossils,  each  comprising  30  to  60  specimens,  is  well  in 
hand  and  will  be  completed  during  the  first  month  of  the  coming 
year.  The  500  collections  will  contain  altogether  not  less  than  60,000 
>')pcimens. 

In  the  division  of  vertebrate  paleontology  a  skull  of  a  Diplodocus 
from  the  Marsh  collections  has  been  cleaned  and  mounted,  and  one  of 
a  Tra4;hodo7i  from  Butler  County,  Montana,  restored  and  remounted 
for  exhibition  purposes. 

Two  skulls  of  Ceratapsia^  one  the  type  of  Triceratops  calicomis  and 
the  other  a  fine  specimen  of  a  new  genus  of  these  great  Dinosaurs, 
have  been  prepared  for  exhibition.  nolp 
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In  the  division  of  paleobotany  the  work  of  preparing  the  card  cata- 
logue of  the  Lacoe  collection  of  fossil  plants  is  progressing  slowly. 

The  regular  work  of  the  Museum  has  been  greatly  interrupted  dur- 
ing this  period  by  preparation  for  the  Louisiana  Purchase  Exposition. 
The  Curator  of  the  Department  was  absent  from  Washington  in  con- 
nection with  this  work  some  ninety-one  days  of  the  year.  During  this 
time  he  made — 

(1)  A  trip  to  the  Pacific  coast  and  back,  going  vi&  Ishpeming,  Michi- 
gan, and  the  Northern  Pacific  to  Portland,  Oregon,  and  returning  by 
way  of  San  Francisco;  Ogden,  and  Salt  Lake,  Utah;  Pocatello,  Idaho; 
through  Wyoming  to  Laramie,  Denver,  and  the  Black  Hills  of  Dakota. 
(2)  A  trip  into  western  Mexico  in  the  vicinity  of  Bacubirito,  State  of 
Sinaloa,  and  (3)  finally,  a  trip  into  the  apatite,  mica,  and  asbestos 
regions  of  Canada. 

The  purpose  of  the  Mexican  trip  was  to  secure  for  the  Louisiana 
Purchase  Exposition  a  cast  of  the  celebrated  Bacubirito  meteorite,  the 
second  largest  known  mass  of  meteoric  iron  in  the  world. 

Mr.  Wirt  Tassin,  of  the  division  of  mineralogy,  made  a  trip  into  an 
interesting  zeolite  locality  near  Newark,  New  Jersey,  and  obtained 
much  valuable  material. 

Mr.  William  C.  Phalen  made  two  trips  into  Virginia  for  the  purpose 
of  making  collections  and  studying  the  unakit€  near  Milams  Gap, 
Virginia. 

Mr.  Schuchert  was  granted  four  months'  leave  of  absence  in  Europe, 
where  considerable  time  was  devoted  to  collecting  Ordovician,  Silurian, 
Devonian,  and  Carboniferous  fossils. 

Messrs.  W.  H.  Newhall,  Charles  Schuchert,  Wirt  Tassin,  and  the 
Head  Curator  were  in  St.  Louis  for  periods  varying  from  one  to  three 
weeks,  engaged  in  the  work  of  installing  the  exhibits  of  the  Depart- 
ment. Dr.  A.  C.  Peale  was  also  on  leave  for  a  period  of  more  than 
two  months. 

ASSISTANCE   TO   INDIVIDUALS   AND   INSTITUTIONS. 

There  have  been  sent  out  by  the  Department  during  the  period  cov- 
ered by  this  report,  in  the  way  of  gifts  and  exchanges,  some  64  lots, 
comprising  7,188  specimens. 

In  addition,  material  for  study  has  been  loaned  to  the  individuals 
and  institutions  mentioned  below: 

Mr.  John  M.  Clarke,  of  the  New  York  State  Museum;  Prof.  W.  B. 
Clark,  of  Johns  Hopkins  University;  Mr.  S.  F.  Emmons,  of  the  U.  S. 
Geological  Survey;  Dr.  A.  Handlirsch,  of  the  K.  K.  Naturhistorische 
Hofmuseum,  Vienna;  Prof.  C.  H.  Hitchcock,  of  Dartmouth  College, 
Hanover,  New  Hampshire;  Prof.  Edwin  G.  Kirk,  of  Columbia  Uni- 
versity, New  York  City;  Dr.  George  F.  Kunz,  New  York  City;  the 
American  Museum  of  Natural  History;  Mr.  P.  E.  Raymond.  New 
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Haven,  Connecticut;  and  Mr.  Frank  Springer,  of  the  Bureau  of 
Standards,  Washington  City. 

Portions  of  the  collections  of  the  Division  of  Geology  have  been 
studied  by  Dr.  Thomas  L.  Watson,  of  Denison  Univen«}ity,  Granville, 
Ohio,  in  connection  with  the  preparation  of  a  report  on  the  building 
stone  of  North  Carolina. 

Prof.  H.  F.  Osborn  has  continued  his  work  on  the  Titanotherium  of 
the  Marsh  collection.  Dr.  J.  B.  Hatcher  spent  several  weeks  in  the 
study  of  the  Triceratops,  and  Mr.  F.  A.  Lucas  in  the  study  of  the 
Stegosaur  remains. 

In  addition  to  the  members  of  the  U.  S.  Geological  Survey,  the  fol- 
lowing persons  have  studied  the  collections  in  Paleobotany:        ^ 

Dr.  Arthur  HoUick,  assistant  curator  of  botany  in  the  New  York 
Botanical  Gardens;  the  Rev.  H.  Herzer,  of  Marietta,  Ohio;  and  Mr. 
E.  W.  Berry,  of  Passaic,  New  Jersey. 

PRESENT  CONDITION  OF  THE   COLLECTIONS. 

The  condition  of  the  collections  as  a  whole  is  quite  satisfactory, 
when  everything  is  taken  into  consideration.  In  spite  of  numerous 
interruptions,  due  to  the  work  of  the  Louisiana  Purchase  Exposition, 
the  general  work  of  cataloguing  and  numbering  has  been  carried  on, 
and  the  records  are  being  daily  improved. 

The  exhibition  series  is  kept  constantly  alive  through  the  insertion 
of  new  material  and  the  weeding  out  of  that  which  is  old  and  less 
desirable. 

The  section  of  vertebrate  paleontology  at  present  needs  the  largest 
share  of  attention.  This  is  in  part  due  to  the  fact  that  the  work  of 
preparation  of  vertebrate  material  is  slow,  laborious,  and  necessarily 
expensive.  The  Claosaurus  mount,  which  was  reported  as  nearly 
complete  at  the  close  of  the  last  fiscal  year,  is  now  installed  against 
the  south  wall  of  the  southeast  court. 

The  exhibition  series  has  been  increased  by  the  addition  of  a  fine 
skull  of  a  new  genus  of  Ceratopsia  and  skulls  of  a  Diplodocus  and 
Trachodon,  the  latter  from  Butler  County,  Montana;  also  a  mounted 
skeleton  of  Syomis  camiarimis  from  New  Zealand. 

It  was  hoped  that  we  might  be  able  to  report  fair  progress  in  the 
way  of  mounting  a  Triceratops,  but  numerous  events,  including  the 
resignation  of  a  preparator,  have  conspired  to  prevent  this. 

The  collection  of  bryozoa,  which  has  been  already  referred  to,  is 
reported  by  Mr.  Schuchert  as  occupying  nearly  150  standard  drawers 
and  comprising  what  is  probably  the  most  important  collection  of  its 
kind  extant.  This  is  indicated  by  the  number  of  types  and  illustrated 
specimens,  of  which  there  are  some  620  different  lots  or  species. 

The  exhibition  collections  in  all  the  divisions,  with  the  exception  of 
that  of  vertebrate  paleontology,  are  as  full  as  available  space  will 
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The  study  collections  are,  as  a  rule,  in  a  fairly  satisfactory  condi- 
tion, although  much  remains  to  be  done  to  bring  the  records  up  to 
date. 

In  the  division  of  stratigraphic  paleontology  much  yet  must  be 
done  to  complete  the  records  relating  to  the  Ulrich,  Rominger,  and 
Sherwood  collections.  It  is  estimated  that  at  the  present  mte  of 
progress  at  least  two  years  will  be  required  to  complete  this  work. 

RESEARCH. 

The  routine  work  of  the  Museum,  taken  in  connection  with  that  of 
preparing  for  the  Louisiana  Purchase  Exposition,  has  greatly  inter- 
fered with  research  work  on  the  part  of  the  Museum  force.  The 
Head  Curator  published  but  little.  He  has,  however,  supervised  the 
work  of  an  economic  survey  in  North  Carolina,  having  particular  ref- 
erence to  the  building  and  ornamental  stones  of  the  States,  and  ha^ 
acted  in  the  capacity  of  expert  special  agent  in  charge  of  Report  on 
Stone  Quarries  in  connection  with  the  census.  He  has  prepared 
reports  in  both  instances,  but  they  have  not  yet  been  published. 

Mr.  William  C.  Phalen  has  studied  and  described  the  rocks  of  the 
Nugsuaks  Peninsula,  in  Greenland,  and  an  occurrence  of  unakite  near 
Milams  Gap,  Virginia. 

Mr.  Wirt  Tassin  repoi-ts  some  eighteen  analyses  made  lookin^r 
toward  the  identification  of  little-known  material;  he  has  also  studied 
and  described  a  meteorite  from  Persimmon  Creek  in  North  Carolina. 

Mr.  R.  S.  Bassler  has  continued  his  studies  on  the  Rochester  shale 
bryozoa,  a  work  which  he  hopes  to  complete  during  the  coming  year. 

Mr.  E.  O.  Ulrich,  in  conjunction  with  Mr.  Bassler,  has  completed 
two  papers  on  Paleozoic  bryozoa. 

Miss  Elvii-a  Wood,  of  the  U.  S.  Geological  Survey,  has  prepared  a 
paper  treating  of  all  the  Middle  Devonian  crinoids  in  the  Museum 
collections. 

CHAN(5ES   IN   PERSONNEL. 

The  Department  of  Geology  has  suffered  severely  through  resigna- 
tions, due  in  nearly  every  instance  to  insufficient  salaries. 

Mr.  Alban  Stewart,  preparator  in  the  section  of  vertebrate  paleon- 
tology, resigned  on  March  12,  last.  His  place  has  been  filled,  tempo- 
rarily, by  Mr.  C.  W.  Gilmore. 

Messrs.  R.  S.  Bassler  and  William  C.  Phalen  resigned  on  May  9  and 
15,  respectively,  to  accept  positions  with  the  U.  S.  Geological  Survey. 

Mr.  Charles  Schuchert  has  accepted  the  position  of  professor  of 
paleontology  in  Yale  University,  though  his  resignation  has  not  yet 
taken  effect. 

Mr.  F.  A.  Lucas,  of  the  Department  of  Biology,  who  has  been  in 
charge  of  the  collections  of  vertebrate  fossils,  has  also  severed  his  con- 
nection with  the  Museum.  L.,y,u^t.u  uy  ^-^^ -^^^ 
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The  Museum  Staff. 

[June  30,  1904.] 

S.  P.  Lang  LEY,  Secretary  of  the  Sraitheonian  Institution,  Keeper  Ex-oflBcio. 
Richard  Rathbun,  Assistant  Secretary,  in  charge  of  the  U.  S.  National  Museum. 
W.  DK  C.  Ravexel,  Administrative  Assistant. 

.     SCIENTIFIC  STAFF. 

Department  of  Anthropology: 

Otis  T.  Mason,  Acting  Head  Curator, 
(a)  Ihtimon  of  Ethnology:  Otis  T.  Mason,  Curator;   Walter  Hough,  Assistant 

Curator;  J.  W.  FewkQs,  Collaborator. 
(L)  Division  of  Physical  Anthropology:  A.  Hrdlicka,  Assistant  Curator, 
(c)  Diriition  of  Historic  Archeohffy:  Paul  Haupt,  Honorary  Curator;  Cyrus  Adler, 

Honorary  Assistant  Curator;  I.  M.  Casnowicz,  Aid. 
(rf)  Division  of  Prehistoric  Archeology:  W.  H.  Holmes,  Honorary  Curator;  J.  D. 

McGuire,  Collaborator. 
(e)  Division  of  Technology:  George  C.  Maynard,  Assistant  Curator. 
(/)  Division  of  Graphic  Arts:  Paul  Brockett,  Custodian. 

Section  of  Photography:  T.  W.  Smillie,  Custodian. 
(g)  Division  of  Medicine:  J.  M.  Flint,  U.  S.  Navy  (Retired),  Honorary  Curator. 
(A)  Division  of  Historic  Religions:  Cyrus  Adler,  Honorary  Curator, 
(i)  Division  of  History:  A.  H.  Clark,  Honorary  Curator;  Paul  Beck  with,  Assistant 
Curator. 
Department  of  Biology: 

Frederick  W.  True,  Head  Curator, 
(a)  DifHsion  of  Mammals:  Frederick  W.  True,  Curator;  Ci.  S.  Miller,  Jr.,  Assi.stant 

Curator;  Marcus  W.  Lyon,  Jr.,  Aid;  Walter  L.  Hahn,  Aid. 
(6)  Division  of  Birds:  Robert  Ridgway,  Curator;  Charles  W.  Richmond,  Assistant 
Curator;  J.  H.  Riley,  Aid. 
Section  of  Birds*   Eggs:  William  L.  Ralph,  Honorary  Curator;  E.  J. 
Horgan,  Aid. 

(c)  Division  of  Reptiles  and  Batrachians:  Leonhard   Stejneger,  Curator;  R.  G. 

Paine,  Aid. 

(d)  Division  of  Fishes:  Tarleton  H.  Bean,  Honorary  Curator;  Barton  A.  Bean, 

Assistant  Curator;  C.  A.  McKnew,  Aid. 

(e)  Division  of  MoUusks:  William  H.  Dall,  Honorary  Curator;  Paul  Bartsch,  Aid; 

William  B.  Marshall,  Aid. 
(/)  Division  of  Insects:  L.  O.   Howard,   Honorary  Curator;   W.  H.  Ashmead, 
Assistant  Curator;  R.  P.  Currie,  Aid. 
Section  of  Hymenoptera:  W.  H.  Ashmead,  in  charge. 
Section  of  Myriapoda:  O.  F.  Cook,  Custodian.  /^  j 
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Dbpaktment  of  Biology — Continued. 
(/)  Division  of  Insects — Continued. 

Section  of  Diptera:  D.  W.  Coquillett,  Custodian. 
Section  of  Coleoptera:  E.  A.  Schwa rz,  Custodian. 
Section  of  Lepidoptera:  H.  G.  Dyar,  Custodian. 
Section  of  Arachnida:  Nathan  Banks,  Custodian. 
{g)  Division  of  Marine  Im^ertebrates:  Richard  Rathbun,  Honorary  Curator;  J.  E. 
Benedict,  Assistant  Curator;   Mary  J.  Rathbun,  Assistant  Curator; 
Harriet  Richardson,  Collaborator. 
Section  of  Helminthological  Collections:  C.  W.  Stiles,  Custodian. 
(h)  Division  of  Comparative  Anatomy:  Frederic  A.  Lucas,  Curator. 
(i)  Division  of  Plants  {National  Herbarium):  Frederick  V.  Coville,  Honorary  Cura- 
tor; J.  N.  Rose,  Assistant  Curator. 
Section  of  Forestry:  B  E.  Femow,  Honorary  Curator. 
Section  of  Cryptogamic  Collections:  O.  F.  Cook,  Honorary  Assistant 

Curator;  W.  R.  Maxon,  Aid. 
Section  of  Higher  Algae:  W.  T.  Swingle,  Custodian. 
Section  of  Lower  Algae:  G.  T.  Moore,  Custodian. 
Section  of  Lower  Fungi:  D.  G.  Fairchild,  Custodian. 
Associates  in  Zoology  (Honorary):  Theodore  N.  Gill,.C.  Hart  Merriam,  R.  E.  C. 

Steams. 
Associate  in  Botany  (Honorary):  Edward  L.  Greene. 
Depabtment  op  Geology: 

George  P.  Merrill,  Head  Curator. 

(a)  Division  of  Physical  and  Chemical  Geology  {Systematic  and  Applied):  George  P. 

Merrill,  Curator;  W.  H.  Newhall,  Aid. 

(b)  Division  of   Mineralogy:    F.   W.  Clarke,  "Honorary  Curator;    Wirt  Tai*sin, 

Assistant  Curator;  Rev.  L.  T.  Chamberlain,  Honorary  Custodian  of 
Gems  and  Precious  Stones. 

(c)  Divinon  of  Stratigraphic  Paleontology:  Charles  D.  Walcott,  Honorary- Curator; 

Charles  Schuchert,  Assistant  Curator. 
Section  of  Vertebrate  Fossils:  F.  A.  Luear^,  Acting  Curator. 
Section  of  Invertebrate  Fossils:  Paleozoic,  ('harles Schuchert,  Custodian; 

Carboniferous,  George  H.  Girty,  Custodian;  Mesozoic,  T.  W.  Stanton, 

Custodian;  Cenozoic,  W.  H.  Dall,  Associate  Curator;  Madreporarian 

Corals,  T.  Wayland  Vaughan,  Custodian. 
Section  of    Paleobotany:    Lester   F.  Ward,  ^V^sociate  Curator;   A.  C. 

Peale,  Aid;  F.  H.  Knowlton,  Custodian  of  Mesozoic  Plants;  David 

White,  Custodian  of  Paleozoic  Plants. 
Associate  in  Paleontology  (Honorary):  Charles  A.  White. 

ADMINISTRATIVE  STAFF. 

Chief  of  Correspondence  and  Documents,  R.  I.  Geare. 

Librarian,  Cyrus  Adler. 

Assistant  Librarian,  N.  P.  Scudder. 

Disbursing  Clerk,  W.  W.  Karr. 

Superintendent  of  Construction  and  Labor,  J.  S.  Goldsmith. 

Editor,  Marcus  Benjamin. 

Photographer,  T.  W.  Smillie. 

Registrar,  S.  C.  Brown. 

Property  Clerk,  W.  A.  Knowles. 
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List  of  Accessions,  1903-04. 


Abbott,  Dr.  W.  L.,  Singapore,  Straits 
Settlements:  A  very  extensive,  inter- 
esting, and  valuable  collection  of  eth- 
nolc^ical  specimens,  including  many 
unique  objects  from  various  islands  off 
the  western  coast  of  Sumatra,  and  a 
large  variety  of  natural  history'  mate- 
rial, including  many  new  and  rare 
species  from  the  same  localities  (41342)  ; 
al«>  a  laiige  collection  of  natural  history 
specimens,  containing  mammals,  birds' 
skins,  birds*  nests  and  eggs,  birds' 
skeletons,  reptiles,  insects,  and  skele- 
tons of  different  animals,  besides  many 
hundreds  of  ethnological  objects  in 
daily  use  among  the  inhabitants  of  the 
Rhio-Ldnga  Archipelago  (42168). 

Abbahau,  Louis,  Washington,  D.  G.: 
Six  watch  movements.    42468. 

Abreu,  Rosalia,  Polotina,  Cerro,  Habana, 
Cuba:  Leaf  and  fruit  of  a  plant  from 
Cuba.    41675. 

Acker,  Dr.  G.  N.,  Washington,  D.  C: 
Brains  of  white  and  colored  children 
(41792;  42101;  42466;  42549;  42864). 

Adams,  C.  C.  (See  under  Michigan, 
University  of. ) 

Adahb,  Mrs.  Frank,  Mount  Dora,  Fla. : 
Two  specimens  of  CaUUris  robusta. 
42607. 

Adams,  Henry,  Mason  City,  W.  Va.: 
Three  archeological  specimens.    41242. 

Adams,  Dr.  8.  8.,  Washington,  D.  C: 
Brain  of  a  negro  child  (42034) ;  brain 
of  a  white  child  (42340). 

Adams,  WALLArE,  U.  S.  National  Mu- 
seum: Paroquet,  Conurus  Jisemorrhous. 
42306. 


Adelaide,  Australia,  Royal  Geograph- 
ical Society  of  Australasia.  Received 
through  Mr.  Thomas  S.  Reed:  Fifty- 
nine  impressions  of  leaves  and  ferns; 
also  a  description  of  the  process.    42192. 

Agriculture,  Bureau  op,  Manila,  P.  I. 
(See  under  Philippine  Islands,  Manila, 
Bureau  of  Agriculture. ) 

Agriculture,  Department  op,  Hon. 
James  Wilson,  Secretary:  Received 
through  the  Biological  Survey,  90  birds* 
eggs  and  5  nests,  collected  by  Messrs. 
E.  W.  Nelson,  E.  A.  Goldman,  F. 
Stephens,  W.  H.  Osgood,  L.  A.  Fuertes, 
H.  C.  Oberholser,  and  J.  F.  Gant,  in 
various  parts  of  North  America  during 
the  year  1903  (41350);  5  specimens  of 
Ashrnunella  chirimhuana  Dall  from  Capi- 
tan  Mountains,  New  Mexico  (41566); 
received  through  the  Biological  Survey, 
8  fresh-water  crabs  from  Guerrero, 
Mexico,  collected  by  Messrs.  Goldman 
and  Nelson  (41925);  received  through 
Dr.  John  R.  Mohler,  Bureau  of  Animal 
Industry,  two  dogs'  skulls  (42033); 
skull  of  a  black  and  tan  terrier  (42052) ; 
through  Dr.  L.  O.  Howard,  14  insects 
and  other  specimens  (42150);  1,554 
specimens  of  miscellaneous  insects  col- 
lected by  Messrs.  D.  W.  Hunter,  W.  E. 
Hinds,  J.  H.  Harris,  and  A.  W.  Morrill 
in  Texas  (42151 ) ;  specimen  of  flax  fiber 
from  New  Zealand  (42483) ;  4,500  speci- 
mens of  insects,  principally  Coleoptera 
from  Cayamas,  Cuba,  collected  by  Dr. 
E.  A.  Schwarz  (42622);  99  specimens 
of  Coleoptera  from  Brazil  (42623); 
meteorological  instruments  and  appara- 
tus from  the  Weather  Bureau  (42626) ; 
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Aqbicctlture,  Department  op — Cont'd. 
25  specimens  of  land  shells  collected  by 
Mr.  J.  H.  Gant  in  Oklahoma  (42755); 
375  insects  collected  by  Dr.  L.  O.  How- 
ard in  Mexico,  consisting  of  Hymenop- 
tera,  Coleoptera,  Diptera,  Lepidoptera, 
Hemiptera,  Orthoptera,  Odonata,  and 
Chrysopa  (42759). 

Material  deposited  in  the  National  Her- 
barium: Fourteen  plants  from  various 
parts  of  the  United  States  (41261);  15 
plants  from  the  vicinity  of  Portland, 
Greg.,  collected  by  Mr.  E.  P.  Sheldon 
(41265);  74  plants  collected  in  Lips- 
comb, Tex.,  by  Mr.  Arthur  Howell 
(41280);  26  plants  collected  by  Mr. 
Howell  in  Texas  (41333);  through  the 
Biological  Survey,  2  plants  from  Ari- 
zona collected  by  Mr.  Vernon  Bailey 
(41395);  through  the  Division  of  Plant 
Industry,  2  specimens  of  lichens  from 
Europe  (41411);  2  specimens  of  Hoff- 
manseggia  from  Oklahoma  collected  by 
Mr.  R.  G.  Dunlap  (41492);  plant  from 
Missouri  (41510);  plant  from  Louisiana 
collected  by  Mr.  W.  R.  Dodson  (41511) ; 
received  through  the  Division  of  Agros- 
tology, 342  plants  from  Algeria,  obtained 
by  purchase  from  Mr.  L.  Chevallier,  Pre- 
cign^,  Sarthe,  France  (41597);  plants 
collected  in  New  Mexico  and  Oklahoma 
by  Mr.  F.  G.  Plummer  (41700);  165 
plants  from  New  Mexico  collected  by 
Mr.  Vernon  Bailey  (41888) ;  type  speci- 
men of  Abies  (42091);  2  specimens  of 
Ribes  collected  by  Mr.  F.  V.  Coville  at 
Kew  Gardens,  England  (42122);  17 
specimens  of  Ribes  from  Germany  and 
France  (42161 ) ;  6  plants  from  Arizona 
collected  by  Dr.  C.  Hart  Merriam 
(42185);  7  plants  from  California  col- 
lected by  Dr.  C.  Hart  Merriam  (42246) ; 
specimen  of  Abies  collected  by  Mr. 
Vernon  Bailey  in  New  Mexico  (42315); 
2  plants  from  Porto  Rico  (42391);  10 
plants  from  Texas  collected  by  Mr. 
Vernon  Bailey  (42405);  4  plants  from 
California  obtained  by  Dr.  C.  Hart 
Merriam  (42406);  plant  from  Paraguay, 
collected  by  Mr.  J.  N.  Ruffin  (42512); 
2  plants  from  California  collected  by 
Dr.B.  E.  Femow  (42525);  8plantsfrora 
California  collected  by  Miss  Alice  East- 
wood (42630);  8  plants  from  Alabama 


Agriculture,  Department  op — Cont'd, 
collected  by  Mr.  S.  M.  Tracy  (426;^); 
herbarium  specimens  of  woody  plants 
(42670);  2  plants  from  Ohio  colle<'ted 
by  Mr.  J.  L.  Reid  (42820);  9  plants 
from  various  localities  (42841 ) ;  2  speci- 
mens of  Ribes  from  Minnesota  and 
Georgia  (42848) ;  through  the  Biological 
Survey,  19  plants  from  Oklahoma  col- 
lected by  Mr.  J.  H.  Gant  (42852);  15 
plants  from  Oregon  collected  by  Mr. 
C.  V.  Piper  (42894);  10  plants  from 
Colorado  collected  by  Miss  E.  W.  Cath- 
cart  (42898) ;  6  specimens  of  cactus  f  roni 
near  Emma,  Tex.,  collected  by  Mr.  F. 
V.  Coville  (42899). 

(See  also  under:  Baker,  C.  F. ; 
Blankinship,  J.  M.;  Dug^,  Dr.  A.; 
Fisher,  H.  L.;  Fredholm,  A.;  Gant, 
J.  H.;  Giloeira,  J.  J.;  Hall,  H.  M.; 
Hayes,  W.  R.;  Hummel,  Gustave; 
Pearsall,  R.  F.;  Perkins,  R.  C.  L.; 
Piper,  C.  V. ;  Prey,  Nina;  Simms,  Mrs. 
Thomas;  Singer,  G.  P.;  Sias,  A.  \V.; 
Tullock,  A.  E.;  Wilcox,  G.  B.;  Wilcox, 
Dr.  T.  E.). 

Albany  Museum.  (See  under  Grahams- 
town,  South  Africa. ) 

Albers,  a.,  Cincinnati,  Ohio:  Specimens 
of  fossil  ostracods.     42417. 

Allen,  Dr.  J.  A.  (See  under  American 
Museum  of  Natural  History,  New  York 
City.) 

Allen,  O.  D.,  Ashford,  Wash. :  Six  plants 
from  AVashington  (41359,  41832). 

Alijson,  Andrew,  Slidell,  La.,  and  luka, 
Miss.:  Reptiles,  a  skin  and  skull  of  a 
bat  (42891,  42706). 

Altamirano,  Dr.  Fernando.  (See under 
Mexico,  City  of,  Instituto  Medico  Na- 
cional. ) 

Altofar,  Andrew,  Washington,  D.  C. : 
Larva  of  Elm  sawfly,  (^mbex  americana 
Leach.     42849. 

Alwood,  Prof.  W.  B.,  Blacksburg,  Va. : 
Miscellaneous  8i)ecimens  of  insects. 
41747. 

American  Entomological  Company, 
Brooklyn,  N.  Y.:  Received  through 
George  Franck,  manager.  Nineteen 
specimens  of  Coleoptera.   '42132. 


LIST   OF  ACCESSIONS. 
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American  Gkm  and  Pearl  Company, 
New  York  City:  Twenty-two  gems 
(purchaae)  L.  P.  X.  (42601);  received 
through  Mr.  Lucien  M.  Zell,  manager, 
gmnmite  from  Mitchell  County,  N.  C; 
also  epecimenB  of  topaz  and  amethyst 
(gift)  (42602). 

American  Museum  of  Natural  History, 
New    York    City:    Received    through 
William  Beutenmuller,  7  specimens, 
including  2  types  of  Lepidoptera  (ex- 
change)    (41756) ;    received    through  ! 
Prof.  H.  F.  Osbom,  2  cast^  of  feet  of  a  ' 
fossil  horse  representing    the  species 
Neohipparian      whiineyi       (exchange)  ' 
(42428);    received  through  Dr.  J.  A.  | 
Allen,  mammal  skins  and  skulls  and  a 
skeleton  (exchange)  (42530);  16 plants 
collected  by  Miss  Constance  Dubois  in 
California  (gift)  (42657) ;  window  trans-  | 
parencies  illustrating  the  ** Spine**  of  > 
Mount  Pel^  (gift)  (42781).  1 

American  Rutile  Company,  Washington, 
D.  C:  Received  through  William  M.  | 
Slater,   president.     Specimen  of  tita-  ' 
ninm  carbide.    42401. 

Ames,  Oakbs,  North  Easton,  Mass.: 
Type  specimen  of  Ilahenaria  sanbomii 
from  Cuba  (gift)  (41734);  24  species  of 
ferns  and  femallies  principally  from 
Florida  (gift)  (42388);  103  plants  from 
varioas  sections  of  the  United  States 
(exchange)  (42488). 

Anderson,  K.  M.,  Provincial  Museum, 
Victoria,  B.  C:  One  hundred  and 
neventy-eeven  specimens  of  Lepidop- 
tera (41611;  41865;  42424). 

Anderson,  J.  R.,  Department  of  Agri- 
culture: Two  plants  from  British  Colum- 
bia.    41392. 

Anderson,  R.  W.,  Wando,  8.  C:  Six 
plants  and  three  snakes  from  South 
Carolina  (42482;  42708). 

Anderton,  Mrs.  I.  W.,  Mackay,  Idaho: 
Three  teeth  of  a  horse  and  two  teeth 
of  a  fossil  bison.     42438. 

Andrews,  Byron,  Washington,  D.  C: 
Thirty -five  skulls  of  the  Arctic  fox 
(purchase)  (42179);  skull  of  an  Arctic 
fox  (gift)  (42250). 


Anthony,  R.  A.,  New  York  City:  Eleven 
photographs  of  Niagara  Falls  and 
vicinity.     42236. 

Appleton,  Nathan,  New  York  City:  Oil 
painting  by  Etex,  representing  a  scene 
from  the  "Gentleman  of  France." 
42397. 

Archibald,  W.  S.,  Norfolk,  Va.:  Three 
specimens  of  Purple  finch,  Otrpodacus 
purpureus.     42176. 

Arnheim,  J.  S.,  San  Francisco,  Cal.: 
Eight  specimens  of  land  and  marine 
shells,  representing  7  species  from  vari- 
ous localities.     41554. 

Arnold  Arboretum,  Jamaica  Plain, 
Mass.:  Forty-one  specimens  of  Craltv- 
gm.     Exchange.     42415. 

Arnold,  Dr.  Ralph.  (See  under  Dr. 
J.  J.  Rivers. ) 

Arrondelle  Sons,  E.,  Paris,  France: 
Plaster  casts  of  the  columrf  of  Hamou- 
rabi  and  of  the  circular  monument  of 
Telle;  also  of  the  head  of  Mercure 
(Discobole)  Lancelotti.  Purchase.  L. 
P.  X.     42435. 

Ashmead,  Dr.  W.  H.  (See  under  Prof. 
S.  Matsumura.) 

Attwater,  H.  p.,  Houston,  Tex.:  Skin 
and  skull  of  a  jaguar.  Purchase. 
42609. 

Atwood,  S.  H.,  &Co.,  Plattsmouth,  Nebr.: 
Linientone  with  flint  inclosures  from  a 
quarry  at  Wymore,  Nebr.     42099. 

Australian  Opal  Company,  New  York 
City:  Specimen  of  Australian  opal 
(41406);  3  opals  in  silicified  wood 
from  Australia  (42600).  Purchase. 
L.  P.  X. 

Babcock,  Charles,  Ithaca,  N.  Y.:  Speci- 
men of  weathered  French  Caen  stone 
from  Ithaca.     Exchange.     42564. 

Babcock,  E.  B.,  Berkeley,  Cal.:  Two 
plants  from  California.     41325. 

Babcock,  Mrs.  P.  H.,  Mount  Dora,  Fla.: 
Three  specimens  of  Bignonin.     42283. 

Bache,  Rene,  Washington,  D.  C. :  Seven 
photographs  illustrating  Indian  techni- 
cal industries.     41704. 

Bachtel,  W.  L.,  Joplin,  Mo.:  Three 
specimens  of  calcite.    Purchase.    42698. 

LJiuiLi^eu  uy   -v — ■  ^^^f  ^^^  jx  1  v. 
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Bacorn,  Mr.,  Cable,  Mont:  Ores  and 
minerals  from  Cable  mine,  Cable, 
Mont.    41624. 

Bagwell,  I.  C,  Stephen  villa,  Tex.: 
Specimens  of  Longicorn  beetle,  Neody- 
ills  caprse  Say.     42266. 

Bahama  Expedition,  Baltimore,  Md.: 
Collection  of  mammals,  birds,  reptiles, 
fishes,  mollusks,  marine  invertebrat<*8, 
and  corals  made  by  Messrs.  J.  H.  Riley 
and  B.  A.  Bean  in  the  Bahama  Islands 
during  June  and  July  of  1903.     41471. 

Bailey,  Vernon,  Department  of  Agri- 
culture: Specimen  of  Rhodiola  from 
New  Mexico.  42005.  (See  also  under 
Department  of  Agriculture  and  W.  L. 
Bray. ) 

Bain,  H.  F.,  U.  S.  Geological  Survey: 
Three  specimens  of  fluospar  from  Rose- 
clare,  111.    42200. 

Baird,  Capt  G.  W.,  U.  S.  Navy.  (See 
under  War  Department.) 

Baker,  Prof.  C.  F.,  Stanford  University, 
Cal. :  Pomona  College,  Claremont,  Cal. : 
Three  plants  from  California  (41284); 
78  plantB  from  Nevada  (41288) ;«  48 
plants  from  California  (41296);  490 
plants  from  California  (41319) ;«  crabs, 
including  the  species  Hemigrapsus  nudus 
(Dana);  PetroliMh^s  rtipirohut  Stimp- 
son;  Epialltut  productu8  Randall;  Pa- 
guru^  granosivfianxLs  Stimpson;  IFejni- 
grapmis  oregonenm  (Dana);  Areit^eus 
mexicanus  (Gerstwcker)  (41442);  148 
specimens  of  Diptera  from  Mexico,  [ 
Central  America,  and  other  localities  | 
(41498);  2  plants  from  California  | 
(41910);  43  specimens  of  Diptera  \ 
(41930);  fishes  from  San  Pedro  and 
Stanford  University,  California  (42260) ; 
13  specimens  of  Diptera  (42275);  471 
plants  from  Nicaragua  (42284); «  34 
Ki)ecimen8  of  Lepidoptera  (42355);  8 
butterflies  (42419);  2  species  of  Helices 
from  Catalina  Island  (42478);  crus- 
taceans from  southern  California 
(42492);  16  specimens  of  Lepidoptera, 
also  larvje  (42521);  3  si>ecimen8  of 
Lepidoptera  (42538);  received  through 
Department  of  Agriculture,  38  speci- 
mens of  Diptera  from  California  ( 42651 ) ; 


Baker,  Prof.  C.  F.— Continued. 
2  specimens  of  Emerita  analoga  (Stm. ) 
(42677) ;  6  plants  from  Central  America 
(42803) ;  395  specimens  of  Diptera  from 
California  (42829). 

Baker,  Dr.  F. :  Six  specimens  of  marine 
shells  from  California  (42056) ;  specimen 
of  boula  loclea  Shy.,  from  the  Philip- 
pine Islands  (42683). 

Baker,  T.  M.,  Washington,  D.  C:  Shoe- 
maker's foot  measure.     (Loan.)    8765. 

Baldridge,  Mrs.  Maria,  Los  Angeles, 
Cal.:  Two  specimens  of  Ocinebra  6a>*- 
harerms  Gabb.,  from  San  Pedro,  Cal. 
42^39. 

Baldwin,  W.  T.,  East  Bradford,  Va.: 
Specimen  of  Lepidodendron  8cobimforme 
Meek.     41784. 

Ball,  Mrs.  Paula,  Los  Angeles,  Cal.: 
Specimen  of  Tylodina  fungina  Gabb. 
(alcoholic  specimen);  also  4  shells  of 
Pleurotomidae  from  Laguna  beach,  Loe 
Angeles  County.     41830. 

Banks,  Nathan,  Department  of  Agricul- 
ture: Six  specimens  of  Hemiptera,  in- 
cluding Fuliius  heidanamii  Reut,and 
Ploaria  errabimda  Say  (gift)  (41457) ; 
10  specimens  of  Brachynemurus  vermtus 
AValker,  from  Mexico  (gift)  (41656); 
20  8i)ecimenB  of  Myrmelionidse  (pur- 
chase) (41746). 

Barber,  H.  S.,  U.  S.  National  Museum: 
Three  si>ecimena  of  Pobjgyra  columbiana 
from  Eureka,  Cal.  (41304);  frog  (Rana 
ftylvaiim )  from  near  Plummers  Island, 
Maryland  (41485);  bat  from  California 
(41763) ;  bat  ( Jxislurm  borealis)  (41862) ; 
plant  from  Texas  (42873);  rattlesnake 
{OroUdus  tigris)  from  Arizona  (41960); 
5  si>eciineTis  of  Iximtrns  from  Browns- 
ville, Tex.  (42892).  St»e  also  under 
Washington  Biologists  Field  Club.) 

Barber,  M.  D.  Knoxville,  Tenn.:  Ten 
specimens  of  .land  and  fresh- water 
shells  from  Tennessee  (41443);  11 
specimens  of  fresh- water  mollusks 
(41796);  11  species  of  fresh-water 
Hhells  (42222). 

Barney,  Lieut.  J.  P.  (See  under  Brig, 
(ien.  VV.  H.  Cartt^  U.  S.  Army.) 


«  Purchase*. 
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Barrott,  a.  F.,  Owego,  N.  Y.:  Three 
arrow  points  found  in  Tioga  County. 
41543. 

Babtlett,  H.  H.,  Indianapolis,  Ind.: 
Snake  ( Ckduber  olmUtus),  from  Marion 
County,  Ind.    42529. 

Barton,  John,  U.  S.  Marine  Corps, 
Washington,  D.  C:  Bill  found  in  cir- 
culation in  the  Philippine  Islands. 
(Loan.)  .8874. 

Bartoch.  Paul,  U.  S.  National  Museum: 
S<*t  of  negatives  showing  Gould's  types 
of  Western  American    Pyramidellid»  : 
and  Pecten  herricens:  also  figures  of  some 
the  duplicates  of  Pyramidellids  of  the  ' 
Reigen  collection   (42204);  about  200  ! 
specimens  of  land  and  marine  shells  i 
from  Hampton,  Cape  Charles  City,  and  | 
Brighton,  Va.  (42308) ;  2  specimens  of  ' 
fungus  representing  the  species  Crypto- 
porm  volratus  from  the  District  of  Co- 
lumbia  (42617);  3  salamanders  from 
District  of  Columbia  (42696);  2  speci- 
mens of   Cranefly,   Linnobia   species, 
fn»m  Great  Falls,*  Md.  (42724).     (See 
also  under  Department  of  Commerce 
and    Labor,  Bureau  of   Fisheries  and 
(ierritS.  Miller,  jr.) 

Bashore,  Hiram,  Mifflintown,  Pa.:  Mole 
(Scalopsaquaticus),     41829. 

Bates,  Dr.  E.  N.,  Boston,  Mass. :  Twenty- 
six  gun  flints.     41229. 

Bates,  M.  A.,  Clanton,  Ala.:  Product  of 
natural  weathering.     (Loan. )    8888. 

Battles,  Mrs.  J.,  Washington,  D.  C: 
Specimen  of  Long-sting,  Thalessa  luna- 
tor  Linnseus.     41453. 

Bacsch,  Paul,  Washington,  D.  C. :  Speci- 
men of  Xylotrya  fimbriata  Jeffr.  from 
Texas.     42629. 

liEALL,  W.  J.,  Lloyd,  Tex.:  Neuropteroid 
insect  representing  the  species  Aean- 
thaciisis  americana  Drury.     41449. 

Bean,  B.  A.,  and  C.  A.  McKnew,  U.  S. 
National  Museum:  Fishes  and  crusta- 
ceans collected  at  Beaufort,  N.  C.  42896. 

Bean,  B.  A.  (See  under  Bahama  Expe- 
dition. ) 


Bbckwith,  Dr.  E.  G.,  Foetoria,  Ohio: 
Larva  of  a  beetle  representing  the  spe- 
cies Tenehrio  molUor  Linnaeus.    42020. 

Bbckwith,  P.  E.,  U.  S.  National  Museum: 
Silver  coin,  a  lira  1863  of  Victor  Eman- 
uel the  Second,  King  of  Italy  (gift) 
(41444);  full-dress  uniform  of  a  lieu- 
tenant-colonel in  the  Continental  Army 
(exchange)  (41462);  silver  threepence, 
the  first  issue  of  King  Edward  VII  of 
Great  Britam  (gift)  (41873);  flintlock 
pistol  made  by  Miles,  of  London,  with 
a  bayonet  (gift)  (42206);  trumpet  kazoo 
(gift)  (42256);  copy  of  the  Missouri 
Republican,  January  1,  1864,  contain- 
ing the  chronology  of  the  year  1863;  also 
invitation  and  card  to  the  unveiling  of 
the  Sherman  statue  (gift)  (42597). 

Beecher,  Dr.  C.  E.  (See  under  Yale 
University  Museum.) 

Bell,  Miss  A.  A.,  Chicago,  III.:  Speci- 
men of  an  insect  known  as  **  Walking- 
stick,*'  from  Eagle  Lake,  Michigan. 
41577. 

Bell,  A.  Brrnie,  Cairns,  Queensland, 
Australia:  Three  hundred  and  thirty- 
two  specimens  of  Lepidoptera.  Pur- 
chase.    41584. 

Bell  Company,  George,  Denver,  Colo. : 
Seven  specimens  of  minerals.  Pur- 
chase.    L.  P.  X.    41635. 

Benedict,  Dr.  J.  E.,  U.  S.  National  Mu- 
seum: Five  plants  from  Maryland  col- 
lected by  Messrs.  Benedict  and  Oldys. 
41260. 

Benedict,  J.  E.,  jr.,  Woodside,  Md.: 
Specimen  of  Adiantum  pedatum,    41416. 

j  Benezet,  G.  p.,  Peoria,  111.:  Beetle  (SU- 
'      pha  americana ) .    41 352. 

Benham  Indian  Trading  Company,  New 
I      York  Citv :  Four  baskets  and  two  sashes. 


Purchase.     L.  P.  X.     42507. 

Berger,  a..  La  Mortola,  Ventimiglia, 
!  Italy:  Thirty-one  plants  from  Italy. 
;      Exchange.     42687. 

I  Berlin,  Germany,  Konigliches  Botan- 
isches  Museum:  Seven  hundred  and 
sixteen  plants  collected  by  Mr.  H.  A. 
Braun.     Exchange.    42287. 
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Berlin,  Germany,  Konigliches  Museum 
fur  Naturk unde.  Recei ved  th  rough  Dr. 
Paul  Matachie.  Specimen  of  Tragulus 
from  Singapore.    Exchange.    41519. 

Berlin,  Germany,  Konigliches  Museum 
fur  Volkerkunde:  Received  through 
Dr.  Eduard  Seler.  Grseco-Roman  plas- 
ter casts  (exchange)  (42733);  7  Grseco- 
Roman  plaster  casts  (purchase. )  L.  P. 
X.    42734. 

Berndt,  E.  L.  (See  under  Department 
of  CJommerce  and  Labor,  Bureau  of 
Fisheries. ) 

Bernice  Pauahi  Bishop  Museum,  Hono- 
lulu, Hawaiian  Islands:  Received 
through  Mr.  \\\  T.  Brigham.  Double 
calabash  and  16  capa-markers.  Ex- 
change.   41979. 

Berry,  S.  S.,  Redlands,  Cal.:  Ten  species 
of  marine  shells  from  near  Avalon,  Cat- 
alina  Island  (41560);  2  shells  from 
California  (42660). 

Bessac,  F.  T.,  Natchez,  Miss.:  Beetle 
{Lucanus  elephas  Fabricius).     41384. 

BeutenmOller,  William,  American  Mu- 
seum of  Natural  History,  New  York 
City:  Cotypes  of  Cychrus  seneicoUis  and 
PlcUynus  gracileuius  Beutenmiiller. 
41640.  (See  also  under  American  Mu- 
seum of  Natural  History. ) 

Bezzi,  Prof.  M.,  Sondrio,  Italy:  Two 
hundred  and  fifty-three  specimens,  97 
species,  of  European  Diptera.     42427. 

BiEDERMANN,  C.  R.,  Florence,  Ariz.:  In- 
sects .(41237);  15  beetles  (42044). 

BiGELow,  E.  F.,  Stamford,  Conn.:  Speci- 
mens of  Psyllid  galls  on  Celtis  (41253); 
specunen  of  Saddleback  caterpillar 
(41612.) 

Biological  laboratory,  U.  S.  National 
Museum:  Plaster  cast  of  a  cobra.    42552. 

Bittenbau  &  Co.,  Neucestown,  Tex.: 
Twelve  specimens  of  Ny&im  angustatvs 
Uhler.     42692. 

Blake,  W.  W.,  Mexico,  Mexico:  Ancient 
Mexican  greenstone  carving  represent- 
ing a  sacrificial  yoke.  Purchase.  L. 
P.  X.  41399. 

Blaney,  Dwight,  Boston,  Ma^s.:  Collec- 
tion of  shells  dre<lged  near  Motint  Diss- 
ert Island,  Maine,  by  the  donor,  in- 


Blaney,  Dwight — Continued, 
eluding  about  290  specimens  represent- 
ing 40  species.     42175. 

Blankinship,  J.  M.,  Bozeman,  Mont 
Received  through  the  Department  of 
Agriculture.  Fifty-eight  plants  from 
Montana.    42245. 

Blatchley,  Prof.  W.  S.,  State  Geologist, 
Indianapolis,  Ind.:  Eighty-four  speci- 
mens of  Orthoptera.   Exchange.  42650. 

BoHM,  Julius,  Vienna,  Austria:  Si>ecimen 
of  meteoric  stony  iron  from  Finn- 
marken,  weighing  595  grams.  Ex- 
change.    41771. 

BoLLiNtiER,  AV.  A.,  Washington,  D.  C: 
Seven-dollar  bill  of  North  Carolina, 
dated  April  2,  1776.     41867. 

Bolton,  A.  L.,  Berkeley,  Cal.:  Birds* 
skeletons  and  the  skull  of  a  coyote. 
41274. 

Bond,  Frank,  Washington,  1).  C. :  Piece 
of  a  tree  engraved  with  ancient  letters, 
figures,  etc.     43857. 

BouBEE,  E.,  Paris,  France:  Egg  of  ^Epy- 
omh  maximvLS.  Purchase.  L.  P.  X. 
41257. 

BouLANGER,  E.,  Paris,  France:  Two  spec- 
imensof  mushroom  spawn  from  France. 
41820. 

Boyce,  Thomas  E.,  Middlebury,  Vt.: 
Chips  cut  by  a  beaver.     42446. 

Boyd,  (t.  S.,  Honduras,  Central  America: 
SiKicimeiis  of  pottery  from  Central 
America.     (Loan.)     9150. 

Bradford,  Mrs.  Sidney,  Avery  Island, 
La. :  Plants,  roots,  and  nuts,  represent- 
ing material  from  which  the  Chetima- 
cha  Indians  make  their  red,  yellow, 
and  l)lack  dyes  (42815);  2  plants  from 
Louisiana  (42821). 

Brakeley,  J.  Turner,  Hornerstown, 
N.  J.:  Larvjc  of  three  species  of  mos- 
quitoes (42624) ;  larvR3  of  i\il€J'  meh- 
nurwi  Coquillett  (42640;  42652);  four 
pupal  skins  and  four  adults  of  a  dipte- 
ron  representing  the  species  Corethra 
cinctipes  Coquillett  (42681);  larvae,  pu- 
pae, and  adult  mostjuitoes  principally 
representing  the  species  Culex  aurlfer 
Coquillet  (42805).       ^^  t 
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Branch,  H.  G.  Sklwyn,  Antigua,  British 
West  Indies:  Fifty-six  bats  and  323 
birds'  skins  from  Barbuda  and  Antigua. 
Purchase.     42688. 

Brand,  H.  J.,  San  Francisco,  Cal.:  Plas- 
ter bust  of  President  William  McKinley. 
(Loan.)     8824. 

Brandboeb,  T.  S.,  San  Diego,  Cal.:  Two 
plants  from  California.  42086.  (See 
also  under  C.  A.  Purpus. ) 

Branson,  E.  B.,  (See  under  Prof.  S.  W. 
Williston. 

Braun,  H.  a.  (See  under  Berlin,  Ger- 
many, Konigliches  Botanisches  Mu- 
seum.) 

Braunton,  Ernest,  (ilendale,  Cal. :  Sixty- 
nine  plants  from  California  (41335; 
42593;  42798). 

Bra  VERM  AX,  M.,  Viealia,  Cal.:  Three 
small  Japanese  baskets,  and  skeleton 
of  a  snake.    42582. 

Bray,  W.  L.,  University  of  Texas,  Aus- 
tin, Tex.:  Received  through  Mr.  Ver- 
non Bailey.  Three  specimens  of  wood 
from  Texas.     42606. 

Breinig,  G.  M.,  New  Milford,  Conn.: 
Specimen  of  rock  quartz  from  a  quarry 
near  Branchville.     42074. 

Brbzina,  Dr.  Aristides,  Vienna,  Austria: 
A  fragment  of  the  **Trenzano''  mete- 
orite weighing  164  grams.  Exchange. 
41396. 

Bricbno,  Salomon,  Merida,  Venezuela: 
I^arge  collection  of  shells,  birds'  skins, 
mammals,  birds'  nests  and  eggs,  insects, 
principally  Lepidoptera  and  Coleoptera, 
from  Venezuela.     Purchase.    42234. 

Brig  HAM,  William  T.  (See  under  Ber- 
nice  Pauahi  Bishop  Museum). 

Brimlby,  C.  S.,  Baleigh,  N.  C:  Natural- 
history  specimens  (gift)  (41272);  eggs 
of  reptiles  (purchase)  L.  P.  X.  (41275); 
12  specimens  of  dragon  flies,  represent- 
ing the  species  Telagrion  dwckii  (pur- 
chase) (41331);  18  specimens,  three 
species,  of  dragon  flies  from  North  Car- 
olina (gift)  (41599). 

British     Museum,    (Natural     History). 
(See  under  Lcmdon,  England. ) 
KAT  MUS  1904 8     . 


Britton,  Dr.  N.  L.,  New  York  City:  Plant 
from  New  Jersey.  42838.  (See  also 
under  New  York  Botanical  Garden.) 

Brooks,  Miriam  G.,  Salt  Lake  City,  Utah: 
Partly  consolidated  dolomitic  sand. 
41662. 

Brooks,  Theodore,  Guantanamo,  Cuba: 
Rapid-firing  gun  shield  secureil  from 
the  Spanish  gunboat  Sandoval,  which 
was  sunk  in  Guantanamo  Bay,  July  28, 
1898.     42314. 

Brown,  Charles  E.,  Milwaukee,  Wis.: 
Four  dragon  flies.     42030. 

Brown,  E.  J.,  Lemon  City,  Fla. :  Reptiles, 
batrachians,  and  insects  from  Florida 
(41481);  snake  {Coluber  QuUaius)  from 
Florida  (42735). 

Brown,  Frederic,  Perry,  Me.:  Received 
through  Dr.  David  White.  Specimen 
of  Archieopterix  Jackson i  Dn.     41728. 

Brow^n,  H.  J.,  Newcastle,  New  South 
Wales,  Australia:  Received  through 
Hon.  F.  W.  Goding,  United  States  con- 
sul. Algae,  squids,  and  egg  cases  of  a 
shark.     42782. 

Brown,  H.  J.,  Washington,  D.  C:  Plant 
from  Calapach  Island.     42440. 

Brown,  Mrs.  J.  Crosby,  Metropolitan 
Museum  of  Art,  New  York  City :  Piano 
of  obsolete  make,  with  two  photographs 
(42336);  stringed  instrument  and  a 
transverse  flute  (42736).     Exchange. 

Brown,  Nathan  C,  Lakewood,  N.  J.: 
Two  hundred  and  sixty-seven  birds' 
skins  from  South  Carolina.     42516. 

Brown,  Mrs.  N.  M.,  Ashtabula,  Ohio: 
Three  hundre<l  and  thirty-five  plants 
from  Mexico,  collected  by  Mr.  E.  W. 
Nelson.     Purchase.     41245. 

Brown,  Dr.  P.  D.,  contract  surgeon,  U.  S. 
Army,  Camp  Mataling  Falls,  Philippine 
Islands:  Moths  and  butterflies  from  the 
Philippine  Islands.     41996. 

Brown,  Rev.  Robert,  Philippine  Weather 
Bureau,  Manila,  P.  I.:  Specimens  of 
parasitic  Hymenoptera.     42793. 

Brow.ne,  ('ec;ilSev.moi^r,  Anacapri,  Italy: 
Sixty-three  moths  (41844);  Lepidop- 
tfcra  (41901;  42066).     Exchange.         j 
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Browning,  J.  M.,  Mill  Creek,  Ind.  T.: 
Specimen  of  homed  Corydcdu$.     42884. 

HKurciANi,  I).,  &  Co.,  London,  England: 
Ten  casts  of  Assyrian,  Egyptian,  and 
(ireek  sculptures.  Purchase.  42673. 
L.  P.  X. 

Hrues,  Prof.  C.  T.,  Marine  Biological 
Laboratory,  Woods  Hole,  Mass.,  and 
Paris,  Tex. :  Two  hymenopterous  para- 
sites (41347);  62  specimens  of  North 
American  Phoridte,  including  the  types 
of  26  species  described  by  Aldrich  and 
Brues  (42322);  si)ecimen  of  Telenomus 
heliothidis  Ashm.  (42823). 

Bryan,  H.  W.,  Piano,  Tex.:  Clamshells, 
or  lamellibranchs,  RadioUtis  austinensh 
Roemer.     41329. 

Bryan,  W.  Alanson,  Bishop  Memorial 
Museum,  Honolulu,  Hawaiian  Islands: 
Eight  specimens  of  shells  from  Marcus 
Island,  Pacific  Ocean.     41604. 

Bryan,  St.  (Jeorge  T.  C,  Oroville,  Cal.: 
Specimen  of  soapstone  from  near  Oro- 
ville, used  by  the  Indians  in  making 
pottery  and  other  objects.     41821. 

Bryant,  Owen,  Cambridge,  Mass. :  Speci- 
men of  green  crab  from  Ipswich,  Mass. 
( 42645 ) ;  80  specimens  of  mollusks  from 
Bermuda  (42705);  crustaceans  from 
Massachusetts  and  Bermuda  (42751); 
crustaceans  and  eggs  of  mollusk 
(42807);  8i)ecimen  of  Crangon  septem- 
spinom^tLy  (42869). 

Bryant,  Theo.,  Wellington,*  B.  C:  One 
hundred  and  twenty-four  specimens  of 
Ivcpidoptera  (41528);  received  through 
Dr.  H.  a.  Dyar,  75  moths  (42288). 

Bi^'Iani,  I).  &  Co.,  Ixjndon,  England: 
CiMii  from  Temple  of  Sun  (.iod.  Pur- 
chas€\     42339. 

BuHRKi,  Dr.  C.  H.,  Director,  Cement 
Fabrik,  Port  Kunda,  Estland,  Russia. 
Two  specimens  of  J'JM(m'iocer(v<^  speci- 
men of  VaffhiiiteHf  specimen  of  Recep- 
tac(dil€Sj  a  trilobite,  and  6  gastropods. 
42133. 

Bulk  ley,  L.  ('.,  Avalon,  Alden  Bridge, 
Bossier  Parish,  La. :  Four  specimens  of 
fossil  coral  representing  the  species 
Balanophyllia  anffuslinensis  Vaughan. 
41447. 


Bunker,  E.  H.,  Biddeford  Pool,  Me.: 
Specimen  of  Splieroide^  maculabis. 
41290. 

Bunker,  Mr.,  Fanturce,  Porto  Rico: 
Received  through  Smithsonian  Institu- 
tion, Bureau  of  American  Ethnology: 
Two  models  of  Porto  Rican  homes. 
42913. 

Bunnell,  J.  H.  &  Co.,  New  York  City, 
received  through  Clarence  A.  Stimp- 
son:  Morse  telegraph  apparatus,  con- 
sisting of  a  sounder  and  a  key.     41950. 

Burke,  H.  E.,  Division  of  Entomology, 
Department  of  Agriculture:  Six  dragon- 
flies.     42149. 

Burks,  W.  S.,  Pittsburg,  Tex.:  Scara- 
bceid  beetle,  DynaMes  titt/us  Linnaeus. 
42046. 

Burns,  Dr.  Frank,  Smithsonian  Institu- 
tion: S|)ecimen  of  Cambrian  sandstone 
with  ScoUthus  linearis  Hall,  from  the 
drift  near  Washington,  D.  C.    41861. 

BuRNSTiNE,  Abraham,  Washington,  D.  C. : 
Fifteen  watch  movements.     41705. 
I  BuRRALL,    H.   D.,    Washington,    D.   C: 
Twelve  plants  from  Texas.     Exchange. 
42557. 

Burrows,  C.  H.,  National  Zoological  Park, 
Washington,  D.  C:  Specimen  of 
American  Bittern,  Botau  rus  Icntigimmi^, 
42818. 
I  BuscK,  August.  (See  under  Washington 
Biologists*  Field  Club. ) 

Bush,  A.  H.,  Vancouver,  B.  C:  Twenty- 
one  specimens  of  Lepidoptera.     41525. 

Busfi,  B.  F.,  Courlney,  Mo.:  Two  hun- 
dreil  an<l  eighty  plants  from  Texas, 
Arkansas,  and  other  localities.  I*ur- 
chase.     4126:^. 

BuTTERFiELD,  Dr.  E.  E.,  Washington, 
D.  C:  Brain  of  a  colored  man.     42009. 

Button,  F.  L.,  Oakland,  Cal.:  Specimen 
of  Peden  diegnms  Dall  and  (\ipnJufi 
califoniicus  Dall,  from  San  Pedro  Bay, 
'      Cal.     41951. 

BuYssoN,  Count  Robert  nu.  (See  under 
Paris,  France,  Mus^e  d'Histoire  Natu- 
relle.) 

California  Academy  of  Sciences,  San 
Francisco,  Cal.:  Fifty-four  plants  from 
California.     Exchange.    42172. 
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Calik)Rnia,  University  of,  Berkeley, 
OaL :  One  hundred  and  fifty-five  plants 
from  California.     Exchange.    42747? 

Cambridge,  England,  Sedgwick  Museum  : 
Received  through  Prof.  T.  McHenry 
Hughes.  A  part  of  the  type  specimen 
of  Bryozoa  nebulipora  (monticulipora) 
papiUata  McCoy.     42881 . 

Campbell,  Jambs,  Hastings,  Pa. :  Received 
through  Dr.  David  White.  Twenty-six 
specimens  of  Paleozoic  fossils  from  the 
head  of  Cecil  Creek,  Cambria  County, 
Pa.     42450. 

Capboni,  p.  p.,  &  Bro.,  Boston,  Mass.: 
Eight  plaster  casts.  Purchase.  42437. 
L.  P.  X. 

Carnegie  Instftution,  Washington,  D.  C. : 
Archaeological  collection  made  by  Ger- 
ard Fowke  (9101 ) ;  archaeological  collec- 
tion made  by  J.  D.  McGuire  (9192). 
(Deposit) 

Carnbgee  Museum,  Pittsburg,  Pa. :  Dupli- 
cate of  the  Morse  telegraph  register 
used  in  Baltimore  in  1844.  (Loan.) 
8704.     Returned. 

Carpenter,  G.  0.,  St.  Louis,  Mo.:  Two 
printed  cotton  handkerchiefs.  (Loan. ) 
9192. 

Carrington,  Dr.  P.  M.,  Fort  Stanton, 
N.  Mex. :  Molar  of  a  mammoth  ( EUphan 
columH).     41539. 

Carroll,  Charles,  National  Military 
Home,  Montgomery  County,  Ohio: 
Three  case  worms  representing  the 
species  Thyridopteryx  ephemerteformis 
Stephens.    41470. 

Carter,  Mrs.  Catherine  A.,  Mrs.  Mary 
E.  Mills,  and  Mr.  R.  A.  Golden,  Wash- 
ington, D.  C:  Spinning  wheel  and 
cards  owned  by  Mrs,  Catherine  A.  Gol- 
den.    42851. 

Carter,  Brig.  Gen.  W.  H.,  U.  8.  Army, 
received  through  War  Department: 
Hoe  and  trowel  dug  from  the  ruins  of 
Jamestown,  Va.,  by  Lieutenant  Barney, 
U.  8.  Army.     41941. 

Cary,  Merritt,  Biological  Survey,  De- 
partment of  Agriculture,  Washington, 
D.  C. :  Seventeen  butterflies  from  Can- 
ada.    42777. 


Cathcart,  Miss  E.  W.  (See  under  De- 
partment of  Agriculture.) 

Caudell,  a.  N.,  Department  of  Agricul- 
ture: Lizard,  snake,  and  frog  from 
Kaslo,  British  Columbia  (41754);  19 
insects  from  Iowa  and  Assiniboia 
(41900);  specimen  of  Planorbis  from 
British  Columbia  (42290).  (See  also 
under  Dr.  H.  G.  Dyar  and  Prof.  C.  P. 
Gillette.) 

Caudell,  A.  N.,  R.  P.  Currie  and  Dr.  H. 
G.  Dyar:  Worm  from  Kaslo,  British 
Columbia.     41365. 

Central  Railroad  Company  op  New 
Jersey,  Jersey  City,  N.  J.:  Received 
through  F.  G.  Sherman,  superintend- 
ent of  telegraph.  Telephone  trans- 
mitter, telephone  receiver,  and  a  mag- 
neto-telephone bell  (41502);  electrical 
instrument  (41557). 

Chamber  op  Commerce  op  the  State  op 
New  York.  (See  under  Smithsonian 
Institution. ) 

Chamberlain,  E.  B.,  Washington,  D.  C: 
Twenty-two  specimens  of  l^eridophyta 
from  Maine  (42269);  105  cryptogams, 
principally  mosses,  from  the  northeast- 
ern section  of  the  United  States  (42471 ) ; 
30  specimens  of  mosses  from  New  Eng- 
land (42788).     Exchange. 

Chamberlain,  F.  M.  (See  under  Depart- 
ment of  Commerce  and  Labor,  Bureau 
of  Fisheries. ) 

Chamberlain,  Rev.L.T.,  New  York  City: 
Thirty  specimens  of  rare  exotic  Naiades, 
new  to  the  Museum  collection.    41773. 

Chandonnet,  Z. L.,  Fosston,  Minn.:  Four 
plants  from  Minnesota.    42484. 

Chapman,  Mrs.  C.  N.:  Received  through 
F.  C.  P.  Davey,  Sault  Ste.  Marie,  Mich. 
Eskimo  and  Indian  clothes  and  curios- 
ities.    Purchase.     41731. 

Chapman,  S.  B.,  Swannanoa,  N.  C:  Two 
caddis- worms  and  their  cases.     42908. 

Chapman,  Rev. .,  Christ  Church  Mis- 
sion, Anvik,  Alaska:  Fossil  horn  core 
of  a  musk  ox.     41664. 

Charnay,  D6sir6,  Paris,  France:  Casts  of 
Tikal,  Temple  of  the  Sun;  Sacrifice  of 
the  Tongue;  and  lintel  of  Quetzalcoatl. 
Purchase.    42420.     L.  P.  X.  nalr> 
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Chase,  Miss  Alice,  Washington,  D.  C: 
One  hundred  and  ninety-eight  plants 
from  the  region  of  Lake  Michigan. 
41990. 

Chase,  Nathan  Brown,  PJethesda,  Md.: 
Received  through  Mrs.  Susan  Brown 
Chase.  Gilt  drees  sword  presented  to 
Gen.  Jacob  Brown,  U.  S.  Army,  by  the 
senate  and  assembly  of  the  State  of 
New  York  for  services  in  the  war  of 
1812.     42794. 

Chase,  Mrs.  Susan  Brown,  Bethesda, 
Md. :  Order  of  procession  for  the  fu- 
neral of  Major-General  Brown.  (Gift. ) 
42665.  Gold  snuff  box,  presented  to 
Gen.  Jacob  Brown,  U.  S.  Army,  by  the 
city  of  New  York  for  services  in  the 
war  of  1812.  (Loan.)  9443.  (See  also 
under  Nathan  Brown  Ch^. ) 

Chelsea  Clock  Company,  Boston,  Mass. : 
Received  through  Charles  H.  Pearson, 
treasurer.  Chelsea  navy  clock  and 
Chelsea  ship's  bell  clock.     42910. 

Chesnvt,  Dr.  V.  K.,  Department  of  Agri-  I 
culture:  Twenty  specimens  of  land  and 
fresh- water  shells  (41517);  plant  from  I 
the  Yellowstone  National  Park  ( 41536) .  I 

Chevallier,  L.     (See  under  Department  i 
of  Agriculture. ) 

Chichester,  William  S.,  Aquasco,  Md.:  ; 
Specimen  of  fossil  wood.     41694. 

Chipman,  C.  H.,  Curtis  Mills,  Fla.:  Cop- 
per coin,  12  gros,  Urban  Vlll,  1625-44. 
Purchase.     42006. 

Christiania,  Norway,  Kongelige  Fred- 
eriks  Universitet:  Received  through 
Prof.  Robert  Col lett.  Eight  specimens 
of  reptiles  and  batrachians  from  Mada- 
gascar, South  Africa,  Australia,  and 
Formosa.     41775. 

Clapp,  G.  H.,  Pittsburg,  Pa.:  Four  spe- 
cies of  land  shells  from  various  Ameri- 
can localities,  representing  cotypes  of 
i^pecies  lately  described.     41585. 

Clark,  A.  Howard,  U.  S.  National  Mu- 
seum: Pamphlet  containing  historical 
view  of  Philadelphia.     42094. 

Clark,  Prof.  H.  L.,  Olivet,  Mich.:  S|>eci- 
men  of  Tree-frog,  Hyla  eviitaiay  from 
Easton,  Md.     41491. 


Clarke,  Prof.  F.  W.  (See  under  V.  H. 
Goldschmidt  and  Isadore  Wise. ) 

Clarke,  Dr.  J.  M.,  State  paleontologist, 
Albany,  N.  Y.:  Two  plaster  restora- 
tions of  Eurypterus.     41959. 

Clements,  F.  E.,  Nebr.:  Twenty-five 
plants  from  Colorado.  Purchase. 
42112. 

Clift,  J.  O.  (See  under  South  Side 
Sportsmens*  Club.) 

Clifton,  R.  S.,  Bureau  of  Entomology, 
Department  of  Agriculture:  Sj>ecimen 
of  Ambystoma  from  Annapolis  Junction, 
Md.     41550. 

Cockrrell,  Prof.  T.  D.  A.,  East  Laa  Ve- 
gas, N.  Mex.:  Three  hundred  and 
twenty -seven  insects  from  New  Mexico 
(41251) ;  2  specimens  of  land  shells 
from  Mexico  (41321 ) ;  specimen  of  Aly- 
siid,  Idiaste megacephala  Ashm.  (41458); 
3  specimens  of  Hymenoptera  (41465); 
9  specimens  of  parasitic  Hymenoptera 
(41499);  4  species  of  Carboniferous 
brachiopods  from  Pecos,  N.  Mex. 
(41500);  65  insects,  including  54  speci- 
mens of  Orthoptera,  3  of  Diptera,  and 
6  of  Hymenoptera  from  Colorado 
Springs  (41658);  233  specimens  of  mis- 
cellaneous insects  (42356);  2  plants 
from  Colorado  (42743). 

Cockle,  J.  W.,  Kaslo,  British  Columbia: 
Eleven  specimens  of  insects  (41735) ;  3 
specimens  of  Lepidoptera,  including  2 
types  (42656). 

Coffin, T.  H.,  Baltimore,  Md.:  Received 
through  Mr.  D.  W.  Coquillett.  Seven 
hundred  and  seventy-five  specimens  of 
Diptera,  6  specimens  of  Hymenoptera, 
and  10  vials  containing  mosquitoes  in 
an  early  stage.     42209. 

Cohen,  Reuben  S.,  Cambridge,  Ma.«s. : 
Ten  silver  coins  of  Morocco.     41580. 

CoHN,  Mrs.  A.,  Carson  City,  Nev. :  Piute 
basketry  water  bottle.     42565. 

Coleman,  J.  B.,  Crowley,  La.:  Walking 
stick,  B-nmntr'm  boreal i ft  Scud.     41757. 

Colestock,  Miss,  Kipple,  Pa. :  Specimens 
of  land  shells  from  Blair  Countv,  Pa. 
42876.  * 
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CoLLTTT,  Prof.  Robert.  (See  under  Kon- 
gelige  Frederiks  Univeraitet,  Chrieti- 
ania,  Norway). 

Collier,  M.  F.,  president,  Aston  Rogen 
Mining  Company,  Paragould,  Ark.: 
Zinc  <»re  from  Sharp  County,  Ark. 
41885. 

Collins,  F.  8.,  Maiden,  Mass.:  One  hun- 
hundred  plants.     Purchase.    41868. 

CoLTON  Marblb  Works,  Colton,  Cal. 
Specimen  of  marble.    42463. 

Combs,  Mrs.  E.,  Lakeside,  Ohio:  Fifty 
specimens  of  marine  algse  collected  at 
Half  Moon  Bay,  San  Mateo  County, 
Cal.     41322. 

Commerce  and  Labor,  Department  of, 
Hon.  George  B.  Cortelyou,  Secretary. 
Transferred  from  Bureau  of  Fisheries: 
Types  and  other  specimens  of  fishes  of 
the  Hawaiian  Islands;  also  crustaceans 
and  other  invertebrates  and  a  piece  of 
coral  (41289);  15  specimens  of  Mist- 
ichUiys  Imonensis  from  Lake  Buhi,  Phil- 
ippine Islands  (41408) ;  marine  worms 
from  Beaufort,  N.  C.  (415S7);  received 
through  Dr.  B.  W.  Evermann,  6  plants 
from  Alaska  (41819);  mollusks,  insects, 
and  invertebrates,  birds,  reptiles,  ba- 
trachians,  and  a  mammal  (41840);  2 
plants  (41859);  about  10,000  specimens 
of  land  and  fresh-water  mollusks  col- 
leeteil  in  and  about  Lake  Maxinkuckee, 
Indiana,  by  Dr.  Paul  Bartsch  (41966); 
skull  of  a  mule  obtained  by  S.  G.  Worth 
(42054);  7  specimens  of  holothurians 
from  Porto  Rico  (42064);  27  plants 
from  Alaska  collected  by  Prof.  C.  H. 
Gilbert  (42214) ;  piece  of  rock  contain- 
ing brachiopods  from  Albatross  dredg- 
ing station  No.  3088  (42291);  types  and 
cotypesof  fishes  collected  by  the  steamer 
Albatross  in  Japan  and  Hawaii,  received 
through  Prof.  C.  H.  Gilbert  (42327); 
collection  of  reptiles  and  batrachians 
from  Indiana,  also  3  fishes  (42335); 
reptiles  and  batrachians  from  Indiana 
(42358);  11  {Slants  from  northern 
-Maine,  collected  by  Dr.  W.  C.  Kendall 
(42373);  11  mammals  from  West  Vir- 
ginia and  Maine  (42410);  miscellaneous 
specimens  of  reptiles  and  batrachians 
from  different  localities  in  the  United 


Commerce  and  Labor,  Dept.  of — Con. 
States  (42426);  head  of  a  shark,  tail  of 
a  shark,  and  a  whole  specimen  col- 
lected by  Mr.  E.  L.  Bemdt  in  Hono- 
lulu (42439);  through  Dr.  B.  W.  Ever- 
mann, crustaceans  collected  in  Lake 
Maxinkuckee,  also  (crustaceans  from 
different  sources  (42461);  about  2,000 
specimens  of  land  and  fresh-water 
shells  from  various  sections  of  the 
United  States  (42500);  246  plants  from 
the  vicinity  of  Karlak,  Kadiak  Island, 
Alaska,  collected  by  Cloudsley  Rutter 
(42561);  Hawaiian  fishes  (42563);  col- 
lection of  plants  from  Alaska,  obtained 
by  F.  M.  Chamberlain  (42632);  24 
sheets  of  plants  collected  in  southern 
Oregon  by  Dr.  B.  W.  Evermann 
(42633) ;  collection  of  turtles  made  by 
Prof.  W.  P.  Hay  in  North  America 
(42749);  type  specimen  of  AnguiUa 
cseca  (42917). 

Computing  Scale  Company,  Dayton, 
Ohio:  Received  through  O.  O.  Ozias, 
manager.     No.  71  scale.     42103. 

CoNGDON,  J.  E.  (See  under  A.  A.  Hel- 
ler.) 

Congress,  Library  of:  Received  through 
Hon.  Herbert  Putnam,  librarian: 
Hand-made  pins  with  hand-bound 
heads,  found  with  a  mass  of  manu- 
scripts dated  from  1801  to  1819  (41896); 
through  Mr.  W.  P.  Cutter,  leather  card- 
case,  which  is  believed  to  have  once 
been  in  the  possession  of  Mrs.  Dolly 
Payne  Madison  (41282). 

Conrad,  Dr.  H.  S.,  Philadelphia,  Pa.: 
Plant  from  Pennsylvania.    42635. 

Cook,  David  N.,  Salem,  Mass.:  Samples 
of  road  material.     42243. 

Cook,  Prof.  M.  T.,  Greencastle,  Ind.: 
Three  specimens  of  Gallwasp,  Dryo- 
phanta  radicola  Ashm.     42169. 

Cook,  Dr.  O.  F.,  Department  of  Agricul- 
ture: Two  hundred  and  seven  spiders 
and  miscellaneous  insects  from  Africa 
and  the  Canary  Islands;  also  a  mollusk 
and  a  lizard.     41788. 

Cook,  Mrs.  T.,  Sandusky,  Ohio:  Speci- 
men of  water  lily  from  Ohio.     41378. 

CooLEY,  R.  A.,  Bozeman,  Mont:  Toad, 
Wo  boreas.    42446.^  ^^^  ^^  GoOglc 
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CoPELAND,  E.  B.  (no  address  given): 
Received  through  Dr.  E.  L.  Greene, 
Specimen  of  Gonnannia  from  Califor- 
nia.    41825. 

Copenhagen,  Denmark:  Zoological  Mu- 
Heum  of  the  University.  Receivetl 
through  Prof.  Th.  Mortensen:  t>hino- 
derms  (41588);  through  Prof.  G.  M.  R. 
Iievin»en,  al)out  100  species  of  Euro- 
pean Mesozoic  and  TertiafN'  bryozoans 
(42476).     Exchange. 

CoQiTiLLETT,  D.  W.  (See  under  T.  H. 
Coffin.) 

Cotton,  James  S.  (See  under  Smithso- 
nian Institution.) 

CouMBE,  W.  W.,  Gunston,  Va.:  Skin  and 
skull  of  Arctomys  sp.     42647. 

Court,  E.  J.,  Washington,  D.  C:  About  i 
950  specimens  of  land  and  fresh-water  i 
shells  from    Harpers  Ferry,   W.    Va.  ' 
(41494;   41516;   41690;    41714);    about 
150  specimens  of  land  and  fresh-water  > 
shells  from  the   District  of  Columbia 
(41760) ;  about  550  land  and  fresh- water 
shells  from  Harpers  Ferry,  \V.  Va.,  the  | 
District  of  Columbia,  and  Cherry  Hill, 
Md.   (41964;   42047);    2  specimens  of 
Sued f tea   ovalis   Say,    from    Maryland 
(42533);  specimens  of  land  and  fresh- 
water moUusks  from  Virginia  (42877). 

CoviLLE,  F.  v..  Botanist,  Department  of 
Agriculture:  Twenty-four  8i)ecimen8  of 
cacti.  42846.  (See  also  under  Depart- 
ment of  Agriculture. ) 

Coyne,  P.  J.,  Greaterville,  Ariz.:  Beetle, 
AUtxis  zunianus  Casey;  2  beetles  repre- 
senting the  species  PsUoptera  drummondi 
Laporte  and  Gory;  Hawk-moth  Plii- 
lampehis  typhon  Kulg,  and  8  Honey- 
ants,  }fyrmecocy8tuH.     42909. 

Craig,  R.  Lee,  Fossil,  Wyo.:  Three  fossil 
fishes  (41622);  3  fossil  fishes  from  a 
quarry  at  Kemmerer  (42927).  Pur- 
chase. 

Crane,  W.  E.,  Brooklyn,  N.  Y.:  Seventy 
specimens  of  Clinton  fossils  from  Mc- 
Keeys,  Pa.     Exchange.     42115. 

Cr-vwford,  J.  G.,  Albany,  Oreg.  Through 
Dr.  Leonhard  Stejneger:  Three  photo- 
graphs of  archeological  si)ecimens. 
42562. 


Criddle,  Norman,  Aweme,  Manitoba, 
Canada:  Three  specimens  of  Leucobre- 
pho8  middendorfiy  a  rare  I^pidoptera. 
42527. 

Cripps,  O.  N.,  Aiken,  S.  C:  "Glass 
snake, '  *  Ophisaurus  venlralv^,  from  South 
Carolina.     41660. 

(^EosBY,  F.  W.,  Washington,  D.  C:  Ba- 
saltic lava,  garnetiferous  sand,  and  a 
portion  of  a  tusk  of  a  mammoth  (?) 
from  St.  Michael  and  Nome,  Alaska 
(41642);  diatomaceous  earth  from 
Colby,  Wash.  (41650);  specimens  of 
silicified  wood  from  Glover,  Idaho 
(42205);  specimen  of  molybdenite  from 
near  Campo,  San  Diego  C/Ounty,  Cal. 
(42464);  specimen  of  massive  granite 
from  20  miles  east  of  San  Diego  (42574). 

Cross,  Whitman.  (See  under  Interior 
Department,  U.  S.  Geological  Survey.) 

Crossinoham,  W.,  U.  S.  National  Mu- 
seum: Snake  (Coluber  guUatus)^  from 
Silver  Hill,  Md.  (41506);  salamander 
(42690). 

Crozier,  Brig.  Gen.  William, U.S.  Army. 
(See  under  War  Department.) 

CiTLLEN,  O.  C.  (See  under  Smithsonian 
Institution. ) 

CtRBiE,  R.  P.,  U.  S.  National  Museum: 
One  hundred  and  forty  specimens  of 
miscellaneous  insects  from  Alberta, 
North  Dakota  and  Minnesota  (41545). 
(See  also  under  A.  N.  Caudell;  H.  G. 
Dyar;  Washington  Biologists  Field 
Club;  E.  B.  Williamson.) 

CuRTiss,  A.  H.,  Jacksonville,  Fla.:  Two 
hundred  and  twelve  plants  from  New 
Providence  Island.     Purchase.     41606. 

CrsHiNo,  Mrs.  F.  H.,  Washington,  D.C.: 
Zmlisuit.     (Loan.)     9473. 

CusicK,  W.  C,  Union,  Oreg.:  Two  hun- 
dred and  four  plants  from  Oregon. 
Purchase.    41815. 

Cutter,  W.  P.  (See  under  Congress, 
Library  of.) 

Dall,  Dr.  W.  H.,  U.  S.  Geological  Sur- 
vey: Nine  color  sketches  of  fishes 
painted  by  the  donor  while  a  student 
under  the  elder  Professor  Agassiz,  in- 
cluding the  species  Holocentrus;  Rhom- 
btut    tnacanthus;    Perca  flava-pupurea; 
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Dall,  Dr.  W.  H.— Continued. 
CSuetodon  brovmrigffii;  Mesopion;  Pristi- 
poma  rodo;  Ocyurus  chrysurus  and  Oly- 
phiodon  (41445);  specimen  of  quartz 
crystal  from  Herkimer  County,  N.  Y. 
(41717);  al)Out  140  specimens  of  West 
American  chitons  (41928);  237  speci- 
mens, 48  speines,  of  land  and  marine 
Hhells  from  Alaska,  California,  Arizona, 
Mexico,  Venezuela,  Canada,  and  other 
localities  (42307);  specimen  of  Conus  \ 
tvmiatus  (42385).  i 

Damon,  C.  A.,  Fenton,  Mich.:   Deringer  j 
pistols  and  revolver.     (Loan.)    9394. 
( Returned. ) 

Damon,  Robert  F.,  Weymouth,  England:  j 
Slab  of  OerUacrmus  fossils,  slab  of  TVi-  ! 
gonia  claraia,  18  fossils  crinoids,  12 
ammonites,  and  13  miscellaneous  fossils  i 
(41838)  L.  P.  X.;  meteorites  from  j 
Bialoetock  and  Krasnojarsk  (42053).  | 
Purchase. 

Daniel,  J.  W.,  jr.,  Washington,  D.  C. 
Two  specimens  of  Swainson's  warbler, 
Jfelinaia  swairisoniy  and  an  Ant  thrush 
7  hamnaphilus  sp.  (41309);  5  birds' 
skins  from  Mount  Rogers,  Va.  (41483) 
3  specimens  of  Parus  carolinensis  and 
1  of  Porzana  noveboracensis  from  Vir- 
ginia (41809);  small  mammals  from 
Virginia  (42296) ;  11  birds'  eggs  and  2 
nests  of  North  American  birds  (42509). 

Davenport,  Homer,  Morris  Plains,  N.  J.; 
Twenty-two  birds,  principally  the 
downy  young  of  the  Impeyan,  Golden, 
Reeve*  8,  and  other  pheasants  (41454); 
specimen  of  Sonnerat's  jungle  fowl, 
(iallus  sonnerati  ( 42010 ) ;  2  specimens  of 
pheasant,  Chrysodophtis  pidus  and  OnZo- 
pfiagis  ellioH  (42583) ;  chicken  of  a  Green 
jungle-fowl,  GaUui  rarius  (42819) . 

Davey,  F.  C.  p.  (See  under  Mrs.  C.  N. 
Chapman. ) 

Davidson,  A.,  Los  Angeles,  Cal.:  Two 
plants  from  CaHfomia.    41277. 

Davidson,  Mrs.  A.  8.,  Washington,  D.  C. : 
Piece  of  silver  Chinese  money.    41937. 

Davis,  Prof.  C.  Abbott,  Providence,  R.  I. : 
Thirty-eight  species  of  Bermudan 
shells  (41623);  3  shells  from  Bermuda 
(42069);  cotypes  of  2  species  and  9 
varieties  of  Bermudan  shells  (42389); 


Davis,  Prof.  C.  Abbott — Continued. 
41  specimens  of  shells  from  Bermuda, 
including  8  lots  of  cotyj)e8  of  recently 
described  forms  (42628). 

Davis,  Mrs.  E.  J.,  Buffalo,  N.  Y.:  Two 
specimens  of  unfinished  l)ead  work. 
42486. 

Davis,  L.  F.,  Le  Roy,  Kans.:  Specimens 
of  Calamites  cistii  Brogn.,  and  Calamites 
suckomi  Brogn.  (41799);  mollusks, 
pearls,  sample  of  oil,  piece  of  lava  and 
water- worn  pebbles  (42126). 

Davis,  Dr.  8.  A.,  Yonkers,  N.  Y.:  Rep- 
tiles and  batrachians  from  Ecuador. 
42409. 

Davis,  W.  A.  (See  under  Manitou  Min- 
eral Springs  Company. ) 

Dawson,  Mrs.  M.  M.,  Washington,  D.  C: 
Two  Oglala  Sioux  war  l)onnets.  Pur- 
chase.    L.  P.  X.     42560. 

Day,  Dr.  D.  T.,  U,  S.  Geological  Sur- 
vey:  Specimen  of  pyrophyllite  from 
Murphy,  N.  C.  (41620);  specimens  of 
cassiterite  from  Gaffney,  S.  C.  (41823); 
rock  from  Mariposa  County,  Cal. 
(41945);  pig  iron  from  Spott«wood  fur- 
nace on  the  Rappahannock  River, 
Spottsylvania  County,  Va.  (42108); 
graphite  from  Bald  Mountain,  New 
Hampshire  (42536). 

Dayton,  C.  N.,  New  York  City:  Nine- 
teen photographs  of  Mexican  ethno- 
logical objects.     Purchase.     41403. 

Deam,  C.  C,  Bluffton,  Ind.:  Thirty 
plants  from  Indiana  (41909;  42265). 
(See  also  under  A.  A.  Heller.) 

Dean,  Dr.  Bashford.  (See  under  Dr. 
F.  T.  Delfin.) 

De  Beers  Consolidated  Mines,  Kim- 
berley,  South  Africa:  Received  through 
Gardner  F.  Williams,  general  manager. 
Specimens  of  rock  and  blue  ground; 
also  concentrates  from  the  Kimberley 
mines.    42728. 

Decker,  G.  M.,  Waco,  Tex.:  Luna  moth. 
42886. 

Delfin,  Dr.  F.  T.,  Valparaiso,  Chile:  Re- 
ceived through  Dr.  Bashford  Dean, 
Columbia  University,  New  York  City. 
Deer  from  Chile.    Exchange,    32618^ 
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Deming,  Dr.  N.  L.,  Walloon  Lake,  Mich.: 
Moth  representing  the  8i>ecie8  Erehus 
odora  Linnseus.     41451. 

i)EMOKiDOPF,  K.,  St.  Petersburg,  Russia: 
Eighteen  hymenopterous  parasites 
(41348;  41547);  12  specimens  of  Jly- 
menoptera  parasitica  (41738);  23  speci- 
mens of  parasitic  hymenoptera  (41924; 
42408). 

Dbnman,  Miss  M.  S.,  New  Brunswick, 
N.  J. :  Slab  of  stone  containing  a  fossil 
fish  representing  the  species  Jschchyp- 
terus  sp.     41540. 

Dennis,  F.  M.,  Albany,  N.  Y.:  Fossil 
fruit  of  a  palm  representing  the  genus 
Sahal     41725. 

De  Peu,  H.  p.,  Jacksonville,  111.:  Speci- 
men of  long-tailed  Ichneumon  fly,  Thor 
lessa  lunator  Fabricius.     42835. 

Derby,  Orville  A.,  Sao  Paulo,  Brazil: 
Diamond-bearing  gravel  with  an  im- 
bedded diamond  from  Minas  Geraes, 
Brazil.  42694.  (See  also  under  An- 
tonio M.  Magalhaes,  jr.) 

Derickson,  Prof.  S.  H.,  Lebanon  Valley 
College,  Annville,  Pa.:  Three  speci- 
mens of  Vespertilio.     42418. 

Deschamps,  Emil,  San  Jose,  Cal. :  Collec- 
tion of  natural-history  material  from 
Shanghai,  China.      Purchase.     41273. 

De  Usera,  Vicente,  Ponce,  Porto  Rico: 
Eight  stone  celts  from  Porto  Rico. 
41575. 

Dietrich,  Hon.  Herman  R.,  consul- 
general.  United  States  of  America, 
Guayaquil,  Ecuador:  Sample  of  "Palo 
de  Balsa"  or  *'  Balsa  log,"  and  a  sam- 
ple of  "Bejuco"  or  wythe.  Received 
through  State  Department.     42319. 

DiMMOCK,  George,  Springfield,  Mass.: 
One  hundred  specimens  of  larvae,  rep- 
resenting Culea^  carUanSy  C.  dyariy  and 
a  sp.     42691. 

DisBRow,  Dr.  W.  S.,  Newark,  N.  J.:  Cry- 
stal of  spodumene,  of  historic  interest, 
being  one  of  the  first  known  crystals 
found  by  Doctor  Hitchcock  at  Hunting- 
ton, Mass.  (41351);  225  minerals  from 
Great  Notch,  New  Jersey,  and  3 
minerals  from  Franklin,  N.  J.  (42163). 


Dixon,  Charles,  Harlesden,  London, 
England:  Twenty-four  birds'  skins 
from  various  localities.     42377. 

Dixon,  Roland  B.,  Harvard  University, 
Cambridge,  Mass.:  Eight  Maidu  bas- 
kets from  California.    Purchase.    41905. 

DoD,  F.  H.  W.,  Millarville,  Alberta, 
Canada:  Received  through  Dr.  H.  G. 
Dyar.     Lepidoptera.    42138. 

Dodge,  Byron  E.,  Davison,  Mich: 
Thirteen  archeological  objects  (9413); 
grooved  stone  axe  (9510).     (Loan.) 

Dodge,  C.  K.,  Port  Huron,  Mich. :  Thirty 
plants  from  Michigan  (42364);  5  spec- 
imens of  Laciniaria  scariosa  (42421). 

Dodge,  W.  C,  Washington,  D.  C:  Sixty 
cartridges  for  small  arms.    42429. 

Dodson,  W.  R.  (See  under  Department 
of  Agriculture. ) 

DoRPLiNGER,  C,  &  Sons,  New  York  City: 
Glass  model  of  the  ** Excelsior"  dia- 
mond.   42585. 

Dorrance,  Miss  F.,  Dorranceton,  Pa. :  Ten 
specimens  of  Amphipods  representing 
the  species  Lepidaclylis  dytincus  Say, 
from  Mosquito  Lagoon,  Florida.   42775. 

Dorset,  G.  A.,  Field  Columbian  Museum, 
Chicago,  111. :  Four  Tlinkit  house  posts 
and  2  totem  posts.  Purchase.  L.  P.  X. 
42671. 

DowELL,  Philip,  U.  S.  National  Museum: 
Specimen  of  Polygola  nuUallii  from  Ta- 
koma  Park,  D.  C.  (41469);  about  30 
plants,  principally  ferns,  from  Staten 
Island,  New  York  (42270). 

Dresden,  Germany:  Koniglisches  Zoo- 
logisches  und  Anthropologisches- 
Ethnografhisches  Museum:  Received 
through  Dr.  A.  B.  Meyer.  Three  skins 
of  Stumidse  (exchange)  (41464);  125 
negatives  taken  in  the  Philippine 
Islands  (gift)  (41586). 

Dubois,  Constance  Goddard,  Waterbury, 
Conn.:  Small  basket,  a  root  used  in 
dyeing  baskets,  and  a  few  dyed  splints. 
42646.  (See  also  under  American  Mu- 
seum of  Natural  History. ) 

Dubose,  J.  H.,  Huguenot,  Ga.:  Seventy- 
two  specimens  of  unios;  also  human 
bones  (41552);  skull  found  along  the 
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DUB06E,  J.  H. — Continaed. 
base  of  one  of  the  old  Rembert  Indian 
nioun<l8  near  the  bank  of  Savannah 
River,  Petersburg  Diatrict,  Ga.  (41816); 
spider  (42887). 

Drc.te,  Dr.  A.,  Guanajoato,  Mexico:  Re- 
ceived through  Department  of  Agricul- 
ture.    Plant  from  Mexico.     42378. 

DrNLAP,  R.  G.  (See  under  Department 
of  Agriculture.) 

Dyar,  Dr.  H.  G.,  and  R.  P.  Currie,  U.  S. 
National  Museum:  A.  N.  Caudell,  De- 
partment of  Agriculture:  18,355  insects, 
consisting  of  Arachnida  and  Myriapoda 
from  British  Columbia  (41365);  collec- 
tion of  Lepidoptera,  comprising  20,320 
specimens  from  British  Columbia 
(41463). 

Dyar,  Dr.  H.  G.  (See  under  Theo.  Bry- 
ant; F.  H.  W.  Dod;  H.  D.  Merrick, 
Washington  Biologists'  Field  Club.) 

Eablb,  Mrs.  Alice  Morsb,  Brooklyn, 
N.Y.:  Three  bayberry  candles.    42627. 

Easterbbook,  Miss  Elva,  Camden,  N.  J. : 
Twenty-seven  Confederate  notes.  4131 3. 

Eastman  Kodak  Company,  Rochester, 
N.  Y.:  FAStman- Walker  roll-holder, 
1885;  Eastman  detective  camera  of  1887; 
kodak  of  1888;  4-folding  kodak  of  1890; 
B.  daylight  kodak  of  1892;  pocket  ko- 
dak of  1895;  folding  kodak  of  1902; 
folding  kodak  of  1903.    41782. 

Eastwood,  Miss  Alice,  Academy  of  Natu- 
ral Sciencee,  San  Francisco,  Cal.:  Fif- 
teen plants  from  California  (41232; 
41278;  41286;  41381;  42816);  specimen 
of  Woodwardia  sp.  from  California 
(41324).  (See  also  under  Department 
of  Agriculture. ) 

Edmundoz,  Juan  C,  Kingsford,  Fla.: 
Fossil  teeth  from  Florida.  Purchase. 
41308. 

Edson,  G.  E.,  St  Albans,  Vt:  Six  fossil 
brachiopods.    41911. 

Edwards,  A.  J.  (See  under  Dr.  R.  E.  C. 
Steams.) 

Egypt  Exploration  Fund,  London,  Eng- 
land. (See  under  Smithsonian  Insti- 
tution. ) 

Ehrensberger,  Fritz,  Eichstatt,  Bavaria, 
Germany:    Ninety-two    specimens    of 


Ehrensberger,  Fritz — Continued. 
Jurassic  invertebrates  from  the  quar- 
ries of  Eichstatt  (purchase)  (41914); 
9  specimens  of  squids,  crabs,  and  worms 
from  the  same  quarries  (purchase) 
(42143);  foasil fishes  ( purchase )L.  P.  X. 
(42477). 

Elder,  J.  U.,  Atlanta,  Ga.:  Fossorial 
wasp,  representing  the  species  Speciu% 
speciosus  Drury.     42480. 

Elgin,  G.  D.,  PortOrford,  Or^.:  Longi- 
com  beetle,  Rosalia  melancholia  Motsdi, 
and  a  Buprestid  beetle,  Buprestis  ad- 
jicta  Horn.     41766. 

Elmer,  A.  D.  E.,  Palo  Alto,  Cal.:  live 
hundred  and  forty-eight  plants  from 
California.    Purchase.    41828. 

Emerson,  W.  O.,  Hay  wards,  Cal.:  Forty- 
seven  birds'  skins  from  California. 
42572. 

Emery,  J.  S.,  Emeryville,  Cal.:  Small 
cube  of  granite  from  Newcastle  Island, 
near  Nanaimo,  British  Columbia. 
41732. 

Emmons,  Lieut  G.  T.,  U.  S.  Navy, 
Princeton,  N.  J,:  Stone  pile  driver 
from  Knights  Inlet,  British  Columbia, 
and  a  Klikitat  basket  from  Victoria; 
also  2  fish  bags  from  Victoria  (pur- 
chase) (41495);  ethnological  material 
from  the  northwest  (purchase)  L.  P.  X. 
(41512);  14  antique  baskets  from 
Thompson  River,  Alaska,  and  2  awls 
made  by  the  Thompson  River  Indians 
of  British  Columbia  (purchase)  (41665) ; 
ivory  implement  from  northern  Alaska 
(exchange)  (41874) ;  2  killing  clubs,  5 
feast  spoons,  and  a  Shaman  blanket 
(purchase)  L.  P.  X.  (42081);  basket 
shot  pouch 'made  by  the  Tlinkit  Indi- 
ans of  Sitka  (exchange)  (42338);  Chil- 
kat  blanket  shirt  (purchase)  L.  P.  X. 
(42526);  ethnological  material  from 
British  Columbia  (exchange)  (42638). 

English,  G.  L.,  New  York  City:  Speci- 
mens of  minerals  and  ores.  Purchase. 
L.  P.  X.    41879. 

EsHNAUR,  Mrs.  N.  M.,  Terminal  Island, 
San  Pedro,  Cal.:  About  25  specimens 
of  marine  shells  (RenxUa)  (Benedict) 
from  California  (42000);  specimens  of 
BiUiumitom  California  (42345) ;  5  speciv» 
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EsHNAUR,  Mrs.  N.  M. — Continued, 
mens  of  bryozoans  and  a  fragment  of  a 
sponge  fromCatalina  Channel  (42546). 

EsTEY,  Mrs.  J.  J.  (See  under  National 
Society  of  the  Daujjhters  of  the  Amer- 
ican Revolution.) 

Eureka  Slate  Company,  Slatington, 
Cal. :  Specimen  of  blue  and  gray  Hlate 
from  a  quarry  at  Slatington.     41978. 

Evans,  Dr.  A.  W.,  New  Haven,  Conn.: 
Thirty-six  specimens  of  Hepaticse  from 
Jamaica  (exchange)  (42299). 

Evans,  Dr.  R.  H.,  Demerara  Museum, 
Georgetown,  Demerara:  Eight  skins  of 
Hoatzin  or  '*  Stink  bird,**  with  two 
nests  and  branches  on  which  they 
were  found.  Purchase.  L.  P.  X. 
42104. 

EvERMANN,  Prof.  B.  W.,  Bureau  of  Fish- 
eries, Department  of  Commerce  and 
Labor,  Washington,  D.  C:  Six  fossil 
plants  from  Chignik,  Alaska.  41647. 
(See  also  under  Department  of  Com- 
merce and  Labor,  Bureau  of  Fisheries. ) 

Fairbanks,  Mrs.  C.  W.  (See  under  Na- 
tional Society  of  the  Daughters  of  the 
American  Revolution. ) 

Fawcett,  H.  S.,  Salem,  Ohio:  Five  speci- 
mens of  Nymphxa  advena  Ait  from 
Salem.    41301. 

Faxon,  Dr.  Walter.  (See  under  Mu- 
seum of  Comparative  Zoology,  Cam- 
bridge, Mass.) 

Featherstonhaugh,  Dr.  Thomas,  Wash- 
ington, D.  C:  Bell-mouthed  blunder- 
buss.    42452. 

Felt,  Dr.  E.  P.,  Albany,  N.  Y.:  Two 
specimens  of  parasitic  Hymenoptera. 
42458. 

Fenybb,  Dr.  A.,  Pasadena,  Cal. :  Two  spec- 
imens of  beetles  representing  the  spe- 
cies Palaoxenus  dohmii  Horn.     41899. 

Fernald,  Dr.  H.  T.,  Hatch  Experiment 
Station,  Amherst,  Mass.:  Three  slides 
of  Thysanoptera  representing  cotypes 
of  species  described  by  Doctor  Hinds. 
41932.  (See  also  under  Dr.  A.  D.  Mor- 
rill.) 

Fernekbs,  Val.,  Milwaukee,  Wis.:  Five 
specimens  of  Lepidoptera.     42334. 


Fernow,  Dr.  B.  E.  (See  under  Depart- 
ment of  Agriculture. ) 

Ferriss,  J.  H.,  Joliet,  111.:  l-^»ave«  of 
Parmx.     41426. 

Fewkes,  Dr.  J.Walter,  Bureau  of  Ameri- 
can Ethnology,  Washington,  D.  C. :  Wax 
candle  or  taper  from  Porto  Jixco  ( 41390) ; 
carib  hammock,  cassara  strainer,  fans, 
and  a  set  of  roj)e  harness  ( 4291 1 ) .  (See 
also  umler  Smithsonian  Institution, 
Bureau  of  American  Ethnology,  and 
Seflor  Arturo  Subifia. ) 

Field  Columbian  Museum:  Specimen  of 
X(ipui<  alleni  (exchange)  (41295);  me- 
teorite frc)m  Brenham,  Kiowa  County, 
Kans.  (purchase)  L.  P.  X.  (42367); 
piece  of  a  meteorite  from  Mexico  (ex- 
change) (42907). 

Field,  (ieorge,  Washington,  D.  C:  Re- 
ceived through  Otto  Heidemann. 
Specimen  of  VAkst  Indian  lKH»tle,  7>io- 
xeneii  dendrohii     41479. 

Fink,  John,  Nashua,  Fla.:  Tooth  of  a 
mammoth,  and  piece  of  a  fossil  lx>ne. 
42147. 

First  Zoological  Institute  of  the  Im- 
perial University.  (St^ under  Vienna, 
Austria. ) 

Fisher,  Dr.  A.  K.,  Department  of  Agri- 
culture, Washington,  D.  C:  Si)ecimen 
of  MammiUaria  from  Texas  (41394); 
snake  (Ophiholns  getalus)^  from  Annap- 
apolis  Junction,  ivid.  (41438);  5  birds' 
nests  and  5  birds'  eggs  from  Guadeloupe 
Island  (42153);  carapace  of  a  large 
snapping- turtle,  Chelydra  nerjmdinn 
(42219). 

Fisher,  H.  L.,  Califon,  N.  J.:  Receive*! 
through  Department  of  Agrieultun*. 
Plant  from  New  Jersey.     42837. 

Fisheries,  U.  S.,  Bureau  of.  (See  under 
Department  of  Commerce  and  Lal)or. ) 

Fiske,  William  F.,  Department  of  Agri- 
culture: Three  hundred  specimens  of 
lepidoptera  from  Tryon,  N.  C.  (42193) ; 
19  specimens  of  Myriapoda  from  the 
same  State  (42678). 

Fletcher,  Dr.  James,  Ottawa,  Canada: 
Twenty-five  specimens  of  Orthoptera 
(42003);  2  inflated  larvae  ot  Semapfiora 
(42031 );  4  moths  (42316);  12  specimens 
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Flstcbrr,  Dr.  Jambs$ — Continued, 
of  Lepidoptera,  types  of  mew  8peci«*8 
described  by  the  donor  (42757). 

FoBRtrrK,  A.  F.,  Dayton,  Ohio:  Specimens 
of  Ordovician  fossils.    41532. 

FoHs,  F.  J.,  Marion,  Ky.:  Abont  five 
hundred  specimens  of  Middle  Chester 
fossils  (41307) ;  fiuorite  crystals  from 
Hurdin County,  111.(41435).  Exchange. 

FooTE  Mineral  Company,  Philadelphia, 
Pa,:  Minerals  and  ores  (purchase) 
L.  P.  X.  (41881);  3  specimens  of  fayal- 
ite  from  Rockport,  Mass.;  specimens 
of  hanksite  from  Borax  Lake,  Cali- 
fornia, and  a  specimen  of  selenite  from 
South  Dakota  (purchase)  L.  P.  X. 
(41946);  14mineral8(purchase)L.  P.  X. 
(42235);  polished  slab  of  rose  quartz 
from  Black  Hills,  S.  Dak.  (exchange) 
(42704). 

FooTE,  PiKBSON  &  Co.,  New  York  City: 
Received  through  Clarence  A.  Stimp- 
son.  Morse  telegraph  apparatus,  con- 
sisting of  a  relay,  sounder,  key,  and 
resonator  (41949);  twentieth  century 
telegraph  key  (42158). 

Forbes  Brothers,  San  Rafael,  Cal.:  Two 
specimens  of  jasper.    42241. 

FoRBusH,  E.,  care  United  States  consul, 
Port-au-Prince,  Haiti:  Twelve  speci- 
mens of  land  shells  from  Haiti.    41902. 

Forrester,  Robert,  Salt  Lake  City,  Utah: 
Fifteen  specimens  of  minerals  (41630); 
specimen  of  martite  from  Iron  County, 
Utah  (41713).     Exchange. 

FoerrsR,  William  T.,  Sapucay,  Paraguay: 
Thirty-five  specimens  of  Coleoptera 
(41709);  59  moths  from  Paraguay 
(42498).     Purchase. 

FowKE,  Gbr.\rd,  Bureau  of  American 
Ethnology,  Washington,  D.  C:  Cave 
material  from  Colossal  Cave,  near 
Mammoth  Cave,  Ky.  41722.  (See  also 
under  Carnegie  Institution. ) 

Fowler,  George  L.,  New  York  City: 
Two  colored  drawings  of  locomotives 
(41877);  10  tracings  of  steamboat  ma- 
chinery (41878).     Purchase. 

Fowler,  J.  O.,  Annapolis,  Md.:  Speci- 
mens of  Eocene  fossils  from  near  An- 
napolis (42534;  42576;  42739). 


Fraile,  M.,  Washington,  D.  C:  Two 
specimens  of  cultivated  Ilmvarthia 
(41360);  plants  from  Texas  and  the 
District  of  Columbia  (42331;  43786). 

France,  George.  (See  under  American 
Entomological  Company. ) 

Franklin,  Dr.  Melville,  Philadelphia, 
Pa. :  Thirty-three  photographs  of  emi- 
nent musicians.    41357. 

Frazee,  W.  E.,  Columbus,  Miss.:  Moth 
( Oitheronia  regaiis  Fabr. ).     41420. 

Fredbndall,  Miss,  Tucson,  Ariz.:  Speci- 
men of  Sphinx  moth,  Philampelis  ache- 
mon  Drury.     41414. 

Fredholm,  a.,  Fort  Drum,  Fla. :  Received 
through  Department  of  Agriculture. 
Six  specimens  of  Caddis-fiies.    41931. 

French,  Dr.  Cecil,  Washington,  I).  C: 
Two  wild  turkeys  representing  the 
species  Meleagris  silvestris.    42156. 

Fric,  v.,  Prague,  Bohemia:  Fifty-five 
specimens  of  fossils  from  the  Paleozoic 
formations  of  Bohemia.  Purchase. 
41836. 

Frierson,  L.  S.,  Frierson,  La.:  Five 
specimens  of  fresh-water  shells  from 
Japan  (41777);  four  shells  of  Anodoiita 
from  Japan  (41891). 

Friesser,  Julius,  Holland,  Mich.:  Eight- 
een skins  and  skulls  of  bats  and  84 
specimens  of  alcoholic  bats.  Purchase. 
42919. 

Frisbv,  R.  H.  (See  under  Swift  and 
Company. ) 

FucHS,  Charles,  San  Francisco,  Cal. 
Seventeen  specimens  of  Coleoptera. 
41486. 

FucHs,  Dr.  Theodore.  (See  under 
Vienna,  Austria,  K.  K.  Naturhist- 
isches  Hof museum. ) 

Fuertbs,  L.  a.  (See  under  Department 
of  Agriculture. ) 

Fuller,  C.  V.,  Grand  Ledge,  Mich.: 
Bar  amulet  (42218);  cast  of  banner- 
stone  (42666). 

FuRGESON,  J.  M.,  Kingsville,  Tex.:  Four 
plants.    42569. 

Fyles,  Rev.  T.  W.,  Levis,  Quebec,  Can- 
ada: Two  specimens  of  dragon  flies 
(41737);   2  specimens  of  Lepidopte^ 
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Fyles,  Rev.  T.  W.-— Continued, 
and  2  specimens  of  Odonata  (41803); 
3  species  of  Hymenoptera  (41393) . 

Galt  &  Bro.,  Washington,  D.  C:  Two 
watch  movements.    42608. 

Gant,  J.  H.,  Fort  Scott,  Okla.:  Received 
through  Department  of  Agriculture. 
Three  specimens  of  cacti.  42787.  (See 
also  under  Department  of  Agriculture. ) 

Garfield  Hospital,  Washington,  D.  C: 
Brain  of  a  colored  man.     41404. 

Garrett,  A.  O.,  Salt  Lake  City,  Utah: 
Twenty-eight  plants.    42384. 

Gee,  N.  Gist,  Soochow  University,  Soo- 
chow,  China:  Miscellaneous  insects 
from  China  (41998);  7  wooden  models, 
consisting  of  a  native  small  boat,  sedan 
chair,  wheelbarrow,  agricultural  im- 
plement, water-wheel  and  caraboo, 
tea  man,  and  a  jinrikisha  (42039) . 

Geological  Subvey,  U.  S.  (See  under 
Interior  Department.) 

Gerrard,  E.  &  Sons,  Camden,  England: 
Specimen  of  sheep  (Oms  musimon) 
(purchase)  L.  P.  X.  (42131);  specimen 
oi  Pantholops  sp.  (purchase)  (42135); 
mounted  specimen  of  zebra  (purchase) 
(42370). 

GiCLAS,  Eu,  Flagstaff,  Ariz. :  Five  plants 
from  Arizona.    42790. 

GiPFORD,  E.  W.,  Alame<ia,  Cal.:  About 
40  specimens  of  fresh-water  shells  from 
California.     42070. 

GiGLiOLi,  Prof.  Henry  H.,  Florence, 
Italy:  Photographic  copy  of  a  Haida 
Indian  stone  dish.    42396. 

Gilbert,  Mrs.  A.  P.,  Logan,  Okla.:  Speci- 
men of  a  Solpugid.    41413. 

Gilbert,  Prof.  C.  H.  (See  under  Leland 
Stanford  Junior  University;  and  De- 
partment of  Commerce  and  Labor,  Bu- 
reau of  Fisheries. ) 

Gilbert,  Prof.  G.  K.  (See  under  Smith- 
sonian Institution,  Bureau  of  American 
Ethnology. ) 

Gill,  Mrs.  M.  W.,  Washington,  D.  C: 
One  hundred  and  eighty-two  tablets 
illustrating  Indian  symbolism.  Pur- 
chase.    L.  P.  X.     (42518;  42598). 

Gill,  Dr.  T.  N.,  Smithsonian  Institution: 
Carabao  horn  needle  for  weaving  netM, 


Gill,  Dr.  T.  N. — Continued. 

obtained  from  the  Philippine  Islands. 

42801. 
Gillette,  Prof.  C.  P.,  Fort  Collins,  Colo.: 

Twenty-four  specimens  of  Orthoptera, 

received  through  A.  N.  Caudell  (42297 ) ; 

24  specimens  of  Lepidoptera  (42304); 

17  specimens  of  Acridiidse  (42353);  16 

specimens  of  Microlepidoptera  (42354 ) ; 

39  specimens  of  Lepidoptera  (42547). 

GiLOEiRA,  J.  J.,  Vedada,  Habana,  Cuba: 
Received  through  Department  of  Agri- 
culture.    Plant  from  Cuba.    42822. 

GiRAULT,  A.  A.,  Blacksburg,  Va.:  Six 
cotypes  of  Aulacidea  solidaginis  Giratilt 
and  2  species  of  parasites  (41248);  3 
cynipid  galls  representing  the  species 
Solenozopheria  vaccinii  Ashm.  (41497); 
5  specimens  of  a  Braconid,  Bhogas  in- 
termedius  Cr.  (41848);  2  specimens  of 
Hddronotus  carinatiferus  Ashm.  (42895) . 

GoDiNG,  Hon.  F.  W.  (See  under  H.  J. 
Brown.) 

Golden,  R.  A.  (See  under  Mrs.  Cather- 
ine A.  Carter. ) 

Goldman,  E.  A.,  Department  of  Agricul- 
ture: Two  plants  from  Mexico.  41300. 
(See  also  under  Department  of  Agri- 
culture. ) 

Goldman,  L.  J.,  Berkeley,  Cal.:  Two 
specimens  of  Cotyledon  from  Califor- 
nia.    41593. 

Goldschmidt,  V.  H.:  Receive<l  through 
Prof.  F.  W.  Clarke,  U.  S.  Geological 
Survey.  Specimen  of  anglesite  on 
galena  from  Monte  Poni,  Sardinia. 
41233. 

GoNZALE8,G.  J., Guaymas,  Mexico:  Rocks, 
fossils,  and  minerals  from  Mexico.  Ex- 
change.    42454. 

(toode,  Harry,  Philadelphia,  Pa.:  Rail- 
road link  of  obsolete  pattern.  Pur- 
chase.   41645. 

Gordon,  R.  H.,  Cumberland,  Md. :  Speci- 
men of  PseudocrinUes perdem  with  arms 
(42043);  specimen  of  pseudo-meteoric 
iron  from  near  Cumberland  (42382). 

Grabham,  Dr.  M.,  Kingston,  Jamaica: 
Seven  adult  mosquitoes  and  larvae  from 
Jamaica.    425^H^eu  uy  ^^  ^  ^ -^  .^  ^.^ 
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Graf,  Thbodore,  Vienna,  Austria:  Thir- 
ty-two heliographs  of  Gweco-Egyptian 
portraits.     41522. 

Grahamstown,  South  Africa,  Albany 
Museum:  Received  through  Dr.  S. 
Sch5n1and,  director.  Two  elands. 
Exchange.     42013. 

(J RANT,  Gen.  Frederick  D.,  U.  S.  Army: 
Illuminated  parchment  presenting  Gen. 
U.  S.  Grant  with  the  freedom  of  the 
city  of  Londonderry,  Ireland.    42659. 

Grant,  G.  B.     (See  under  A.  A.  Heller. ) 

Gray  Herbarium,  Harvard  University, 
Cambridge,  Mass.:  Two  plants  from 
Arizona  and  New  Mexico  (41981); 
plant  from  Mexico  (42785). 

Gray,  Mrs.  Will,  Soddy,  Tenn. :  Canary 
bird.    42221.    ' 

Greblb,  Mrs.  M.  D.,  Washington,  D.  C: 
Four  baskets.   Loan.   8909.    Returned. 

Greely,  Gen.  A.  AV.,  U.  S.  Army.  (See 
under  War  Department. ) 

Greene,  Dr.  E.  L.  (See  under  E.  B. 
Copeland  and  E.  Janazerosky. ) 

Greene,  Dr.  H.  W.,  Springfield,  Mass. 
Old-style  saw.    42441. 

Greer,  C.  S.,  Western  Union  Telegraph 
Company,  Columbus,  Ohio. :  Telegraph 
switch  board  and  a  Brooks  telegraph 
insulator.     42110. 

Greoer,  D.  K.,  Fulton,  Mo.:  Eleven 
specimens  of  coal-measure  fossils  from 
Washington,  Mo.     42029. 

Griffin,  A.  C,  Pierre,  S.  Dak.:  Mammal 
representing  the  species  Putorins  m- 
gripeg.     41741. 

Griffiths,  David,  Department  of  Agri- 
culture: Plants  from  Arizona  (42083; 
42247). 

Grimes,  J.  H.,  Durango,  Colo.:  Received 
through  Max  Pracht.  Specimen  of 
azurite  crystals.    41864. 

Gronwall,  Dr.  Carl  A.,  Copenhagen, 
Denmark:  Four  hundred  specimens 
of  Cambrian  fossils,  collected  by  the 
donor.     Purchase.    42722. 

Groit,  Dr.  A.  J.,  Brooklyn,  N.  Y.: 
Twenty-fi  ve  specimens  of  mosses.  Pu r- 
chase.    41800. 


Grubbs,  Dr.  R.  B.,  U.  S.  Army,  The  Pre- 
sidio, San  Francisco,  Cal. :  Swords, 
knives,  and  other  articles  belonging  to 
the  Moro  tribes  in  the  vicinity  of  Lake 
Lanao,  Mindanao,  P.  I.  (8498);  carved 
Nautilus  shell  (9090).     (Loan. ) 

Grubbr,  F.  (See  under  Memorial  Mu- 
seum, Golden  Gate  Park,  San  Fran- 
cisco, Cal.) 

Guerin,  T.  M.,  Decatur,  Nebr.:  Ethno- 
logical objects  from  the  islands  of 
Guam  and  Saipan.     42501. 

GuNN,  J.  M.,  Laguna,  N.  Mex.:  Fossil 
bones,  including  the  upper  end  of  hu- 
merus and  the  lower  end  of  femur 
of  a  Belodont,  Heterodontosuchxis  ganei. 
41423. 

GuNTHBR,  Dr.  A.,  British  Museum  (Nat- 
ural History),  London,  England: 
Mammals,  birds,  reptiles,  and  fishes. 
42075. 

Hall,  Dr.  C.  L.,  Elbo woods,  N.  Dak.: 
Photographs  of  Indians.     42288. 

Hall,  C.  Lyon,  Port  au  Prince,  Haiti, 
West  Indies:  Shells  from  Lake  Enri- 
quillo,  Haiti.     41493. 

Hall,  H.  M.,  LTniversity  of  California, 
Berkeley,  Cal.:  Plant  from  California 
(41607);  received  through  Department 
of  Agriculture,  15  plants  from  Califor- 
nia (41787);  3  specimens  of  Ribes  from 
California  (41884);  240  plants  from 
California  (purchase)  (42244). 

Hallock,  Charles,  Washington,  D.  C: 
Specimen  of  copper  ore  from  the  Wind- 
sor Bush  mine,  near  Plainfield,  Mass. 
41617. 

Hammerstien,  H.  L.,  Chicago,  111.:  Two 
snakes  and  2  geckos  (41455);  also  spec- 
imen of  European  viper  (41456). 

Hampson,  Sir  George  F.,  British  Musem 
(Natural  History),  London,  England: 
Seventeen  specimens  of  Lepidoptera 
from  Norway.    42621. 

Hands,  E.  J.,  Willcox,  Ariz.:  Moth. 
41343. 

Hanham,  a.  W.,  Victoria,  B.  C:  One 
hundred  and  fourteen  specimens  of 
lepidoptera.     41527. 

Harper,  Roland  M.,  College  Point, 
N.  Y.:  Three  specimens  of  Nymphtcci^ 
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Harper,  Roland  M. — CoDtinued. 
from   Georgia    (41302);  musical  sand 
from  Canoochee  River,  near   Grove- 
land,  Ga.  (41379);  4  species   of  land 
shells  (42882). 

Harriman  Alaskan  Expedition:  Re- 
ceived through  U.  S.  Geological  Sur- 
vey. Three  boxes  containing  a  col- 
lection of  rocks  and  thin  sections  of 
rocks.  (Transmitted  to  the  Museum 
through  Prof.  Charles  Palache. )  41844. 

Harrih,  Graham  H.,  Chicago,  111.:  Lock 
Leven  Trout,  Salmo  levenensis^  from, 
Madison  River,  Montana.     41707. 

Harris,  J.  H.  (See  under  Department 
of  Agriculture. ) 

Harris,  L.  C,  Genoa^  Nev.:  Received 
through  Smithsonian  Institution,  Bu- 
reau of  American  Ethnology.     Piute  , 
bead  charm.     42493.  I 

Harshbarger,  Dr.  John  W.,  University  , 
of    Pennsylvania,    Philadelphia,    Pa.: 
Thirty-one    plants,    principally    from 
North  Carolina.     Exchange.    41772.       I 

Hartman,  Carl,  Austin,  Tex.:  Specimen  ! 
of  hymenopterous  parasite.     41249. 

Hartt,  I.  H.,  Manitou,  Colo.:  Geological 
specimens  from  various  localities.  Pur- 
chase.    L.  P.  X.     41753. 

Hartwell,  Mrs.  Charles,  Long  Beach, 
Cal.:  Specimen    of    hchnochiton   from  , 
San  Pedro,  Cal.     42227. 

Harvey,  Fred,  Kansas  City,  Mo.:  Four- 
teen Chinook  skulls  (purchase)  (41387); 
23  Chimehuevi  baskets  and  21  Nez 
Perc^  bags  (purc-haae)  L.  P.  X.  (41388); 

-  10  Maidu  baskets  (purchase)  L.  P.  X. 
(42213). 

Harvey,  R.  V.  Vancouver,  British  Co- 
lumbia: Ten  specimens  of  Lepidoptera. 
41526. 

Hasse,  Dr.  H.  E.,  Soldiers*  Home,  Cal.: 
Four  living  plants  from  California 
(41226);  2  plants  and  74  specimens  of 
lichens,  principally  from  California 
(41956;  42258). 

Hassett,  Burdett,  Reliance,  Va.:  Speci- 
men of  Sharp-shinned  hawk.  Ardpiter 
rehx.     41503. 

Hatch,  J.  W.,  Fruitland,  N.  Mex.:  Mad- 
stone.    (Loan.)    9280.  i 


Hattendorp,  F.  C,  Western  Springs,  HL: 
Specimen  of  Raspberry  gall,  Diastrophus 
tur^tidus  Bassett.     41849. 

Hauteville,  Mrs.  F.  C.  d\  Washington, 
D.  C:  Received  through  Mrs.  M.  B. 
Wheaton.  Sword  and  pair  of  bullion 
epaulettes,  to  be  placed  withothei;relics 
of  Maj.  Gen.  Alexander  McComb,  U.  S. 
Army.    (Loan.)    8797. 

Hawley,  E.  H.,  U.  S.  National  Museum: 
Whistle  harmonica.     42831. 

Hay,  Prof.  W.  P.  (See  under  Depart- 
ment of  Commerce  and  Labor,  Bureaa 
of  Fisheries. ) 

Hayes,  W.  R., Skidmore, Tex.:  Received 
through  Department  of  Agriculture. 
Three  plants  from  Texas.    42084. 

HEiDEJiANN,  Otto,  Washington,  D.  C: 
Specimens  of  Limnsea  from  the  District 
of  Columbia.  42861.  (See  also  under 
George  Field. ) 

Heigh  way,  A.  E.,  Habana,  Cuba:  Re- 
ceived through  Dr.  G.  P.  Merrill. 
Four  eggs  of  Strix  flammea  furcata, 
42107. 

Heller,  A.  A., Pacific  Grove,  Cal.:  Two 
plants  from  California  (gift)  (41354); 
482  plants  from  California  (purchase) 
(41814) ;  639  plants  collected  by  George 
B.  Grant  and  J.  W.  Congdon  in  Cali- 
fornia (purchase)  (41246);  2  plants 
from  California  (gift)  (41276);  285 
plants  from  California  (purchase) 
(41318);  plant  from  California  (gift) 
(41991);  246  plants  from  California 
and  Europe  (purchase)  (42092);  65 
ferns  from  Europe  (purchase)  (42106); 
20  plant.M  from  California  (gift)  (42280; 
42591;  42605);  about  60  plants  from 
Mexico  collecte<l  by  C.  C.  Deam  (gift) 
(42637);  10  living  plants  from  Cali- 
fornia (exchange)  (42654;  42655). 

Hemphill,  Henry,  San  Diego,  Cal.:  Six- 
teen specimens  of  Amphithninitui  from 
California  (gift)  (42540);  photographs 
of  west  American  shells  illustrating 
variations,  etc.  (gift)  (42614);  649  spe- 
cies or  varieties  of  land  shells  from 
California  (purchase)  (42930). 

Henderson,  Mrs.  A.  P.,  Chicago,  111.: 
Six  samples  of  beads  collected  by  ( 'arl 
Lumholtz.     41428.         ^^-^  j 

.,y,u.edbyCjOOgle 
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Henshaw,  H.  W.,  Hilo,  Hawaiian  Is- 
lands: Specimens  of  Macruran  crusta- 
ceans (41484);  specimen  of  Conus  coius 
L.,  and  a  slide  containing  a  mount 
of  teeth  of  the  same,  from  Hilo 
(41759);  crustaceans,  worms,  mollusks, 
and  other  invertebrates  (41H22) ;  crus- 
taceans and  a  specimen  of  Flying- 
gurnard  or  **  Robin,"  Dactylopterus 
(41854);  540  specimens  of  Hawaiian 
Succineas  and  Achatinellas  (41939); 
crustaceans,  worms,  and  a  fish  (42062); 
30  specimens  of  fossil  land  shells  from 
the  Hawaiian  Islands  (42229);  3 
specimens  of  Gephyrean  worms 
(42259);  Planarian  worm  (Stylochus*f) 
(42709);  crustaceans,  echinoderms, 
worms,  and  a  nudibranch  mollusk 
(42800). 

Herrox,  W.  G.,  U.  S.  Geological  Survey: 
Specimen  of  Sunflower  coral,  Recepta- 
ruliie.^  oireni^  from  Big  Iron  Mountains. 
42726. 

Heusxer,  Dr.  Karl,  Belize,  British  Hon- 
duras: Specimens  of  Trichuris  trxch'mra  I 
( =  Trichocephalus  dutpar) .     42323. 

HEwnr,  Foster,  Pittsburg,  Pa.:  Copper 
ore,  and  specimens  showing  weather- 
ing, from  near  the  Choix  River,  Mexico. 
42573. 

Heywood,  Maj.  Gen.  Charles,  U.  8.  Ma- 
rine Corps  (retired),  Washington,  D.  C. : 
Loving  cup  of  silver  presented  to  him 
by  the  officers  of  the  U.  8.  Marine 
Corps,  on  the  occasion  of  his  retirement 
from  the  service.     (Loan.)     9472. 

Hickman,  Dr.  C.  W.,  Augusta,  Ga.:  Pair 
of  Spanish  dueling  pistols.  (Loan.) 
8682. 

Hill,  E.  J.,  Chicago,  III.:  Thirty-seven 
plants  from  Illinois.  Exchange. 
42502. 

HiLLiARH,  G.  R.,  Springfield,  Ohio.:  My- 
riai)od  representing  the  species  Cerma- 
tin  forceps  L.     42045. 

Hillmax,  F.  H.     (See  under  J.  Wheeler. ) 

Himalaya  Mining  Company,  New  York 
City:  Six  specimens  of  tourmaline 
from  California.  Purchase.  L.  P.  X. 
42599. 


Hinds,  W.  E.  (See  under  Department 
of  Agriculture. ) 

HiNEs,  George  H.,  Or^on  Historical  So- 
ciety, Portland,  Or^.:  Siliceous  peb- 
bles from  Or^on.    41626. 

HiNKLEY,  A.  A.,  Dubois,  III.:  Ninety- 
three  specimens  of  mollusks  from  the 
Southern  States.    42863. 

HiRASE,  Y.,  Kyoto,  Japan:  One  thousand 
three  hundred  and  fifty-one  specimens 
of  shells  from  Japan  (41422);  1,106 
specimens  of  Japanese  mollusks 
(42918).     Purchase. 

HocHDERPFER,  Col.  Georgb,  Flagstaff, 
Ariz.,  and  (/.  A.  Purpus,  Zacatecas, 
Mexico:  Small  collection  of  fishes 
from  Mexico.     42032. 

Hodge,  Dr.  E.  R.,  Army  Medical  Mu- 
seum, W^ar  Department,  Washington, 
D.  C. :  Two  bowp,  bolo,  shield,  spear- 
heads, and  a  fishing  spear  from  the 
Philippine  Islands.    Exchange.   42024. 

HoDGMAN,  C.  M.,  Waterway,  Va.:  Two 
specimens  of  Dyjiastes  tityus.     42689. 

HoDsoN,  E.  R.,  Washington,  D.  C:  One 
hundred  and  five  plants  cx)llected  at 
St.  Regis  Falls,  N.Y.  (41305);  received 
through  the  Department  of  Agricul- 
ture; 44  plants  from  Maine  (41434) . 

Hollerith,  Herman,  Washington,  D.  C: 
Three  guns  and  a  pistol.  (Loan.) 
9304. 

Holt,  G.  W.,  East  Andover,  N.  H.: 
Plant  from  New  Hampshire.     42197. 

HoLTz,  Martin,  Vienna,  Austria:  Eight 
reptiles  and  batrachians  from  Europe. 
Purchase.     41389. 

HoLWAY,  E.  W.  D.,  Decorah,  Iowa,  and 
Mexico,  Mexico:  Plants,  seeds,  and 
fungi  from  Mexico  (41813;  41834; 
41895;  41955;  42035;  42365;  42422). 

Hope  Gardens,  Botanical  Department  of 
Jamaica.  (See  under  Kingston,  Ja- 
maica. ) 

Hopkins,  L.  8.,  Troy,  Ohio:  Beetle  {Eu- 
phoria indii  Linnaeus).     41524. 

Hopkins,  S.  J.,  Mount  Holly,  Va.:  Stone 
axe  from  a  shell  heap  at  the  mouth  of 
Nomini  Creek,  Westmoreland  County, 
Va.     42826. 
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HoROAN,  Edward,  U.  S.  National  Mu- 
seum: About  25  specimens  of  land- 
shells  from  Colonial  Beach  (41433); 
18  specimens  of  caddis  worms  (42537). 

HoRNUNG,  Dr.  John,  San  Francisco,  Cal. : 
Starfishes,  bats,  reptiles,  shells,  fossil, 
and  a  bird  (exchange)  (41952);  120 
specimens  of  marine  shells  from  Cali- 
fornia (gift)  (42223). 

Hough,  Dr.  Walter,  U.  8.  National  Mu- 
seum: Ethnological  objects  collected  in 
New  Mexico  (purchase)  (41791);  speci- 
men of  porcupine  skull  from  Arizona; 
Louisiana  lottery  ticket,  dated  Decem- 
ber 12,  1893;  12  plaster  casts  of  medals; 
bound  volume  of  "History  of  the  Sol- 
diers' Medals,"  and  an  ancient  docu- 
ment relating  to  the  home  of  Wash- 
ington (gifts)  (41855;  41876;  41975; 
42027).  (See  also  under  Dr.  F.  M. 
Zuck. ) 

House,  H.  D.,  Bronx  Park,  N.  Y.:  Nine 
specimens  of  Bryophyta  collected  in 
New  York  by  Mr.  W.  R.  Maxon  and 
himself.     42251. 

HovEY,  F.  L.,  Auburn,  Me.:  Specimen 
of  pyrrhotite.     41553. 

HovEY,  (t.  U.  S.,  White  Church,  Kans. : 
Fourteen  flint  implements.    42065. 

Howard,  Dr.  L.  O.  (See  under  Depart- 
ment of  Agriculture;  Charles  E.  Jen- 
ney;  E.  S.  G.  Titus.) 

Howell,  Arthur.  (See  under  Depart- 
ment of  Agriculture. ) 

Howell,  A.,  Lipscomb,  Tex.:  Specimen 
of  cactus  from  Texas.    41264. 

Howell,  A.  H.,  Biological  Survey,  De- 
partment of  Agriculture,  Washington, 
D.  C. :  Fifty-five  specimens  of  plants 
from  New  Mexico.     41507.  ' 

Howell,  E.  E.,  Washington,  D.  C:  Nine 
quartz  crystals,  specimen  of  cut  smoky 
quartz,  opal,  tabular  calcite,  cleavage 
calcite,  3  quartz  spheres,  and  a  sphere 
of  crocidohte  (purchase)  L.  P.  X. 
(42049);  specimen  of  sepiolite  from 
Eskihi-Shehr,  Asia  Minor  (exchange) 

•  ( 42544 ) ;  meteorites  ( pu  rchase )  L.  P.  X . 
(42588);  meteorite  from  Mount  Joy, 
Pennsylvania  (gift)  (42687) . 


Hrdlicka,  Dr.  A.  F.,  U.  S.  National  Mu- 
seum :  Brain  of  a  negro  woman  ( 41698 ) ; 
3  Banderilla  from  Jalesco,  Mexico 
(41708);  specimen  of  Jutux)  hyeinalis 
(41794);  Indian  sparrow  (41916);  25 
brains  of  various  birds  and  mammals 
(41976) ;  ceremonial  stick  from  Jalesco, 
Mexico,  2  bands  from  Huichol,  Jalesco, 
and  a  pouch-band  from  the  same  lo- 
cahty  (41980);  humerus  (42195);  100 
brains  of  various  kinds  ( 42249 ) ;  brain  of 
a  red  squirrel,  Chickarree  (41254);  brain 
of  a  white  American  adult  male  (41298) ; 
Huichol  ceremoniab  i)and  made  on  a 
small  loom  (42348). 

Hudson,  John,  Dean,  Mont.:  Fragment 
of  a  deer  horn.    41646. 

Hughes,  Prof.  T.  McHenry.  (See  under 
Cambridge,  England,  Sedgwick  Mu- 
seum. ) 

Hummel,  Gustave,  Luling,  Tex.:  Re- 
ceived through  Department  of  Agri- 
culture.    Plant  from  Texas.     41340. 

Hukgate,  J.  W.,  Snoqualash,  Wash.: 
Six  plants  from  Washington.    41314. 

Hungerford  Brass  and  Copper  Com- 
pany, New  York  City:  Received 
through  Mr.  B.  Ris,  assistant  secretary. 
Samples  of  solders  and  alloys  manu- 
factured by  the  company.     41339. 

Hunter,  D.  W.  (See  under  Department 
of  Agriculture. ) 

Hunter,  William,  National  Zoological 
Park,  Washington,  D.  C. :  Plant.   42658. 

Iherinc;,  Dr.  H.  von,  Museu  Paulista, 
Sao  Paulo,  Brazil:  Sixteen  specimens 
of  fresh-water  shells.  41999.  (See  also 
under  Sao  Paulo,  Brazil. ) 

Instituto  Medicx)  Nacional.  (See  under 
City  of  Mexico,  Mexico. ) 

Interior  Deparitment,  United  States  (Ge- 
ological Survey:  Rock  specimens  from 
Bennington  quadrangle  (41244);  speci- 
men of  titanium  mineral  and  crude 
petroleum  (41621);  sample  of  sand 
from  Bebara  River,  Colombia  (41745); 
1,932  fossil  insects  collected  by  Dr. 
S.  H.  Scudder  (42117);  2  specimens  of 
dentritic  limestone  from  Grand  Can- 
yon, Arizona  (42157);  specimen  of 
fulgurite  from  ^Crested   Butte,   CoIom 
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Interior  Dbpabtmbnt — Continued, 
collected  by  Mr.  Whitman  Cross  (42211 ) ; 
specimen  of  crystallized  arsenopyrite 
from  Custer  County,  Colo.,  obtained 
by  Mr.  Cross  (42212);  47  specimens  of 
Cretaceous  ammonites,  described  and 
figured  by  Hyatt  in  monograph  No.  44 
of  the  Survey  (42253);  specimens  of 
tetradymite  and  garnet  from  Colorado 
and  California  (42333);  rocks  illustrat- 
ing the  geology  of  the  Bisbee,  Ariz., 
quadrangle  (42400);  lead  and  zinc  ore 
from  Arkansas,  and  sulphur  and  asso- 
ciated rocks  from  Nevada  (42442);  col- 
lection of  Tertiary  fossils,  including 
duplicates  and  study  series,  containing 
about  12,000  lots  of  specimens,  and,  in 
the  reverse  series,  about  40,000  speci- 
mens, mostly  determined,  labeled,  and 
arranged  in  zoological  and  stratigraphic 
order  (42740);  rocks  from  Oklahoma 
and  Indian  Territory,  obtained  by  Mr. 
T.  Wayland  Vaughan  (42776);  1,458 
specimens  of  Cambrian  brachiopods 
collected  by  the  Survey  and  1,842 
Cambrian  brachiopods  collected  for 
the  National  Museum  by  Prof.  S.  Ward 
Loper  (42867);  fossil  plant  obtained  by 
Mr.  L.  M.  Prindle  (42888).  (See  also 
under  Harriman  Alaskan  Expedition 
and  Dr.  David  White.) 

Jaihcson,  Gborqe,  Deadwood,  S.  Dak.: 
Twenty-nine  specimens  of  ore.    41992. 

Jackson,  S.  E.,  Trinidad,  British  West 
Indies:  Received  through  Smithsonian 
Institution,  Bureau  of  American  Eth- 
nology. Eleven  carib  axes  and  16 
specimens  of  lava  from  St.  Vincent. 
42915. 

Jacobs,  E.  H.  (See  under  Smithsonian 
Institution,  Bureau  of  American  Eth- 
nology.) 

Jambunathan,  Prof.  N.  8.,  Native  Col- 
lege, Madura,  India:  Fifty-two  spiders 
from  India.     Exchange.     42273. 

Jambs,  Grorgb  Wharton,  Pasadena,  Cal. : 
Seventeen  photographs  of  Indian 
women  making  baskets.    41579. 

James,  Mrs.  Julian,  Washington,  D.  C: 

Masonic  relics  of  Hon.  Mordecai  Aiy- 

ers,  consisting  of  a  jewel  of  past  grand 

master,  apron  of  past  grand  master, 
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James,  Mrs.  Julian — Continued, 
apron  of  ma#er  mason,  and  ring  of 
Theodoras  Bailey,  U.  S.  Senator  from 
New  York  in  1803  (loan)  (9145);  Kor- 
ean fan  presented  to  her  by  Prince 
Minionette  of  Korea  (gift)  (41785). 

Janazbrosky,  E.,  Cracovie,  Austria:  Re- 
ceived through  Dr.  E.  L.  Greene.  Two 
specimens  of  Ribes  from  Europe.   42903. 

Janson,  O.  E.,  <&  Son,  London,  England: 
Twelve  hundred  and  fifty-one  speci- 
mens of  Lepidoptera.   Purchase.  41571. 

J AYNBs,  Robert  T.  ( See  under  E.  Dwight 
Sanderson.) 

Jenney,  Charles  E.,  Fresno,  Cal.:  Re- 
ceived through  Dr.  L.  O.  Howard. 
Eight  specimens  of  rose-gall,  Rhodites 
polUas.    42885. 

Jensen,  Herr  A.  S.,  Zoological  Museum, 
University,  Copenhagen,  Denmark: 
Co  type  of  Pecten  frigidus  Jensen,  from 
the  North  Atlantic  Ocean.    42165. 

Jepson,  W.  L.  ,  Berkeley,  Cal. :  Five  plants 
from  California.     41262. 

John,  Andrew,  Washington,  D.  C: 
Models  of  baskets,  etc.,  of  the  Seneca 
Indians.     Purchase.     41513. 

Johnson,  Prof.  0.  B.,  Seattle,  Wash.: 
Seventy-three  specimens  of  Lepidop- 
tera.    Exchange.     42539. 

Johnson,  S.  Arthur.  (See  under  State 
Agricultural  College,  Fort  Collins, 
Colo.) 

Jonassohn,  Oscar  T.,  New  York  City: 
Manufactured  ruby  (purchase)  (41475) ; 
genuine  and  imitation  stones  (gift) 
(41476). 

Jones,  A.  W.,  Salina,  Kaiis.:  Received 
through  Dr.  T.  W.  Stanton.  Concre- 
tions of  silicobarite  from  near  Bavaria, 
Kans.     41944. 

Joneh,  Mrs.  B.  F.,  Bordentown,  N.  J.: 
Colonial  bill  of  New  Jersey,  '*one  shil- 
ling,'* March  25,  1776.     41835. 

Jones,  Francis  W.,  New  York  City:  Pho- 
tograph of  eminent  electricians.  Pur- 
chase.    42012. 

Jones,  McDuffee,  and  Stratton  Com- 
pany, BoHton,  Mass. :  China  plate  and 
calendar  file.     42173. 
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Jones,  Marcus  E.,  Salt  Lake  City,  Utah: 
Seven  plants  from  Mexico  and  Arizona 
(gift  and  exchange)  (41614;  41786; 
42590). 

Jordan,  Dr.  David  Starr.  (See  under 
Leland  Stanford  Junior  University  and 
Alan  Owston. ) 

Joseph,  Lee,  Cuero,  Tex.:  Last  molar 
of  a  mastodon  {Mastodon  americanus), 
41371. 

JoYNES,  A.  L.,  manager  of  East  Tennessee 
Telephone  Company,  Paducah,  Ky.: 
Specimen  of  submarine  cable  laid 
across  the  Tennessee  River  at  Paducah 
before  the  civil  war.    41534. 

Jung,  A.  M.,  Desmet,  Idaho:  Four  fossil 
plants.    42834. 

Kapp,  Homer,  Bluffton,  Ind.:  Received 
through  Prof.  E.  B.  Williamson.  Speci- 
men of  Vesper  rat  ( Nyctomys )  from  Bluff- 
ton.    41833. 

Karpeles,  Dr.  S.  R.,  Washington,  D.  C: 
Human  foetus;  foetus;  white  foetus 
(gift)  (41860;  42511;  42517);  two 
human  foetuses  (exchange)  (42261). 

Kearfott,  W.  D.,  New  York  City:  Nine 
specimens  of  hymenopterous  parasites 
(41452);  463  specimens  of  butterflies 
belonging  to  the  family  Hesperidae 
(42076). 

Kearney,  T.  H.,  Department  of  Agricul-  , 
ture:  Two  hundred  and  ten  plants  col-  ', 
lected  on  Plummers  Island,  Montgom- 
ery County,  Md.  (41450;  41461;  41467;  ! 
41518). 

Kellogg,  Prof.  V.  L.,  Leland  Stanford 
Junior  University,  Stanford  University, 
Cal.:  Cotypes  of  Aleyrodidse  repre- 
sented by  24  species.    41767.  ' 

Kendall,  Dr.  W.  C,  Bureau  of  Fisheries: 
Two  specimens  of  Nymphsea  hybrida 
from  Aroostook  County,  Me.  41297. 
(See  also  under  Department  of  Com- 
merce and  Labor,  Bureau  of  Fisheries. ) 

Kennedy,  Dr.  Harrih,  Yokohama,  Japan:,  i 
Six  bata  from  Japan.     42808.  I 

Kesslkr,  H.   1L,  El  Cajon,  Cal.:  Speci- 
men of  orbicular  j^bbro  from  San  Diego  ' 
C'Ounty  (412:50);  orbicular  diorite  from  I 
near  San  Diego  (42113).  I 


Kew,  London,  England,  Royal  Botanic 
Gardens:  Two  hundred  and  seventy- 
eight  plants  from  various  localities 
(42381);  living  plant  (42487).  Ex- 
change. 

King,  G.  B.,  Lawrence,  Mass.:  Shell 
representing  the  species  Limax  maxi- 
mu8.     41429. 

Kingston,  Jamaica,  Hope  Gardens,  Bo- 
tanical Department  of  Jamaica:  Three 
specimens  of  ferns  (Asplenium)  from 
Jamaica.     Exchange.    42411. 

Kinney,  Mrs.  Louise  Catlin,  Washmg- 
ton,  D.  C. :  Life-sized  portrait  of  Geoiige 
Catlin,  in  oil,  painted  by  a  Royal  Acade- 
mician in  1849.     (Loan.)    9419. 

KiNRADE,  J.  J.,  San  Francisco,  Cal.: 
Twelve  specimens  of  minerals  from  va- 
rious localities.  Purchase.  L.  P.  X. 
41636. 

KiRK,  W.  Stokes,  Philadelphia,  Pa.: 
New  Hall  carbine,  .54  caliber.    42467. 

Kishinouye,  Dr.  K.,  Imperial  Japanese 
Fisheries  Bureau,  Tokyo,  Japan:  Jap- 
anese corals  (41407);  received  through 
Dr.  Hugh  M.  Smith,  2  specimens  of 
Salanx  ariakerms  and  a  crab  (41430). 

K.  K.  Naturhistorisches  Hofmubeum. 
(See  under  Vienna,  Austria.) 

Klagbs,  E.  a.,  Crafton,  Pa.:  Twenty- 
eight  specimens  of  Scarabseidae  (41353); 
117  specimens  of  Scarabaeidfe  (41719); 
hemipteron  representing  the  species 
Hcxiptocoris  castanea  Perty,  from  Vene- 
zuela (41764). 

Knab,  Frederick,  Washington,  D.  C: 
Six  specimens  of  caddis  flies,  a  may-fly, 
and  a  wood-tick.     42725. 

Knowlton,  Dr.  F.  H.,  U.  S.  Geological 
Survey.  Two  hundred  specimens  of 
Lepidoptera  from  Needle  Mountains 
and  Silverton,  Colo.  (42386);  128  plants 
from  Colorado  ( 42407 ) .  ( See  also  under 
H.  Nehrling.) 

Kny-Scheerer Company,  New  York  City: 
Two  specimens  of  batrachians  repre- 
senting the  species  Rana  macrodadyla 
and  Hyla  simplex  (purchase)  (42028); 
7  birds'  skins  (gift)  (42570). 

Koknk;,  Adolf,  Pittsburg,  Pa.:  Two 
Htone  hammers  and  two  cupped  stones. 

42714.  C^r^r^nl 
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KOSGELIGE    FrEDERIKS     UnI  VER8ITBT. 

(See  under  Christiania,  Norway. ) 
KoxiGLicHEs  B0TANISCHB8  Museum.    (See 

under  Berlin,  Germany. ) 
KoNiGLicHEs  Museum  fCr  Naturkunde. 

(See  under  Berlin,  Germany. ) 
KoxiGUCHBB  Museum  fCr  Volkbrkunde. 

(See  under  Berlin,  Germany.) 

KONIGLICHBS      Z0OLOGI8CHB8       UND      An- 

thropologischbs-Ethnographisches 
Museum.  (See  under  Dresden,  Ger- 
many.) 

KooNs,  B.  F.,  Brooklyn,  N.  Y.:  Specimen 
of  lAmax  maximus  Linnseus.     41521. 

Krantz,  Dr.  F.,  Bonn,  Germany:  Two 
slabs  of  Penlacrinus  (purchase)  L.  P.  X. 
(41349);  204  invertebrate  fossils  from 
the  Devonian  of  Grermany  and  the 
Carboniferous  of  Belgium  (purchase) 
(41903);  51  specimens  of  fossil  shells, 
ammonites,  crinoids,  etc.  (purchase) 
(42144) ;  lumachel,  chrysoprase,  tridy- 
mite,  and  quartz  from  Europe  (pur- 
chase) L.  P.  X.  (42181);  specimen  of 
Sttn^asaurus  boUensis  (Jaeger)  from  the 
Lias  of  Holzmaden,  Wurttemberg,  Ger- 
many (purchase)  L.  P.  X.  (42225); 
specimen  of  Ichthyosaurus  and  a  fossil 
p«hn  (purchase)  L.  P.  X.  (42676). 

Kraus,  Joseph,  Llano,  Tex. :  Three  spec- 
imens of  dolomitic  marble  (42059);  3 
specimens  of  dendriticr  limestone 
(42809). 

KuNZ,  G.  F.,  New  York  City:  Specimen 
of  califomite  from  Indian  Creek,  Cali- 
fornia.   42332. 

KwiAT,  A.,  Chicago,  III.:  Forty-four 
specimens  of  Lepidoptera  (42274; 
42713). 

LACEYy  Howard,  Kerrville,  Tex.:  Skin 
and  2  skulls  of  Odocoileus  lexetisis. 
42641. 

I4AMB,  Dr.  D.  S.,  Army  Medical  Museum, 
Washington,  D.  C:  Two  cadavers  of 
babies  (41610);  brain  and  body  of  a 
female  baby  (42277). 

Lakbrum,  Linton  D.,  Columbus,  Miss.: 
Natural  formation.    41487. 

Lane,  H.  M.,  International  C<>rreMiM)nd- 
enoe  Schools,  Scranton,  Pa.:  Received 
throogh  Dr.  David  White.    Two  speci- 


Lane,  H.  M. — Continued, 
mens    of    Bothrodendron    punctatum, 
41727. 

Lane,  T.  T.,  Solomon,  Alaska:  Received 
through  E.  J.  Noge.  Butterfly  repre- 
senting the  species  Pamasius  clodius 
var.  altaurus  Dyar.     41480. 

Laney,  F.  B.,  State  Museum,  Raleigh, 
N.  C. :  Six  hundred  pounds  of  leopard- 
ite  and  trap  dike  from  Charlotte,  N.  C.  . 
(purchase)  (42060) ;  gangue  rock  from 
Gundstaff  and  Buchanan  mica  mine, 
Haywood  County,  N.  C.  (42448).  (See 
also  under  G.  P.  Merrill.) 

Lang,  G.  L.,  superintendent  of  tele- 
graphs, Chattanooga,  Tenn. :  Tel^raph 
bracket  from  General  Bumside's  war- 
time telegraph  line,  Pulaski  County, 
Ky.     41490. 

Larabola  Mining  and  Development 
Company,  Chicago,  111.:  Received 
through  Frank  L.  Race,  secretary. 
Samples  of  copper  ore  from  mines  in 
Madison  County,  Va.     42242. 

Laue,  F.  a.,  Passaic,  N.  J.:  Specimens 
of  Dog-sucking  louse,  Hpcmatopinus  pili- 
ferns  Burmeister.     41437. 

Lawrence,  W.  H.,  Pullman,  Wash.: 
Seven  slides  of  parasitic  Hymenoptera. 
41897. 

Lawrence,  Dr.  W.  J.,  Chicago,  111.:  Sec- 
tion of  polished  tourmaline.    41478. 

Lee,  Dr.  S.  L.,  Carson  City,  Nev.:  Ob- 
sidian arrowhead  and  two  flaking  tools. 
42756. 

Lehman,  J.  B.,  Edwartls,  Miss.:  Speci- 
men of  Horntail,  Tremex  columba. 
42883. 

Lelani)  Stanford  jr.  Universffy,  Stan- 
ford University,  Cal. :  Types  and  co- 
types  of  fishes  collected  in  Japan  by 
Dr.  David  Starr  Jonlan,  Mr.  J.  O. 
Snyder,  and  others  (41488);  received 
through  Prof.  C.  H.  Gilbert,  Japanese 
fishes  collected  by  Messrs.  Jonlan  and 
Snyder  (42263). 

Lemon,  Frank,  New  York  City:  Four 
busts  of  American  Indians.  Pun^hase. 
L.  P.  X.     42731. 

Lepper,  Miss  Adelaide,  Bla<lensburg, 
Md. :  Luna  moth,  Actios  luna  Linnseus. 

42643.  .,y,u..uuy^^Ogle 
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Lermond,  N.  W.,  Thomaflton,  Me.:  Fif- 
teen spec'imenfl  of  shells  (41893);  but- 
terflies from  Paraguay  (42267). 

Lester,  F.  A.,  Washington,  D.  C:  Speci- 
mens of  fossil  wood  from  various  local- 
ities in  the  District  of  Columbia  (41961) ; 
concretionary  limonite  and  ironstone 
concretions  from  the  District  of  Colum- 
bia (41974;  42548);  25  specimens  of 
Upper  Cretaceous  mollusks  from  a 
cutting  in  the  Chesapeake  Beach  Rail- 
road (42717). 

Levinsen,  Prof.  G.  M.  R.  (See  under 
Copenhagen,  Denmark.) 

LiMBBRG,  F.,  I^add  Lime  Company,  Car- 
tersville,  Ga.:  Crab  spider,  Acrosoma 
gracili  Wa\ck  {=Eperia  rugom  Hentz). 
41259. 

Little,  Dr.  (i.  W.,  Glens  Falls,  N.  Y.: 
Specimen  of  Crimson  tragopan  (41917) ; 
specimen  of  Impeyan  i)hea8ant  (42305). 

Lock  HART,  Henry,  jr..  Barranca  del  Co- 
bre,  Chihuahua,  Mexico:  Specimen  of 
Mycetophilid,  a  family  allied  to  the 
mosquitoes.    41801. 

LocRAFT,  William,  Washington,  D.  C. : 
Large  specimen  of  Small-mouthed 
Black  bass,  Micropterus  dolomeiy  from 
the  Potomac  River.     41808. 

LoBSNER,  Th.,  Berlin,  Germany:  Five 
plants  from  Guatemala.     42008. 

London,  England,  British  Mitseim 
(Natural  History)  :  Six  Imts.     42485. 

LoPER,  Prof.  S.  Ward.  (See  under  In- 
terior Department,  U.  S.  Geological 
Survey. ) 

LovETT,  Edward,  Croydon,  p]ngland: 
Specimens  of  **tribulum,"  or  harrow- 
flint,  and  other  folk-lore  objects  (ex- 
change) (42021);  3  pieces  of  Maundy 
money  of  Edwanl  VII,  of  the  issue  of 
1904  (42612). 

Lowe,  H.  N.,  Long  Beach,  Cal.:  Twelve 
specimens  of  Anomurans  (Blephari- 
poda)  (41228);  marine  shells  including 
types  of  several  new  species  from  I^ng 
Beach  (42057) ;  16  si)ecimen8  of  marine 
shells  from  California  (42166,  42228); 
crustaceans  (42663). 

LowRiE,  ¥..  D.,  Elyria,  Ohio:  About  one 
hundred  specimens  of  amphipods  from 
Elyria.     42326. 


LowRY,  Louis,  Chicago,  111.:  Specimen 
of  copper  ore  from  Milans  Gap.  Ex- 
change.    42159. 

Lucas,  F.  A.,  U.  S.  National  Museum: 
Brain  of  a  walrus  (41477);  skin  of 
Snowy  owl,  Egretta  candidmtimn 
(41971) ;  crustaceans  and  worm  para- 
sites from  Newfoundland  (42257). 

LuMHOLTz,  Carl.  (See  under  Mrs.  A.  P. 
Henderson..) 

LusK,  R.  I).,  Lansing,  Mich.:  Four  eggs 
and  a  n*^8t  of  Mifiarclnm  lanvrencei  (dmt- 
«ce««  from  Arizona.     Purchase.     41781. 

LuTZ,  Frank  E.,  Station  for  Experimental 
i      Evolution,  Cold  Spring  Harbor,  lx)ng 
!       Island,  New  York:  Eight  specimens  of 
Hemiptera.     42850. 

,  Lyon,  Dr.  M.  W.,  U.  S.  National  Museum: 
I  Three  8{)ecimen8  of  Xymphna  variagaia 
I       (Engelm)   Miller    (41346);    24  plants 

from  New  Jersey  (41441);  2  specimens 

of  Mtis  munculus  (42055). 

Lywood,  L.  W.,  Gainsville,  Va.:  Speci- 
men of  Blue-winged  teal,  QtierquedtUa 
discors,     42503. 


Mac  Fadden,  C.  K.,  Beaumont,  Tex.: 
Snake  {Elapn  fidvius)  from  Hardin 
County,  Tex.     41982. 

McCallie,  Dr.  S.  W.,  Geological  Survey 
of  Georgia,  Atlanta,  Ga.:  New  8i)ecie« 
of  PentremUefi(A21^2)\  received  through 
Dr.  David  White,  specimen  of  Tregom*- 
carjnim  ampidlnforme  from  the  Carbon- 
iferous of  Georgia  (42844). 

McClendon,  J.  F.,  University  of  Texas, 
Austin,  Tex. :  ( )ne  hundred  and  twenty- 
live  specimens  of  dragon-flies.  Pur- 
chase.    42155. 

McComb,  Maj.  (Jen.  Alex.  (See  under 
Mrs.  F.  C.  d'Hautville.) 

Mc(V)MB,  G.  T.,  Ix)ckport,  N.  Y.:  Si>eci- 
mens  of  Roi-he^ter  shales  fossils.   41 71 1 . 

Mc(>)Y,  P.  H.,  Chicago,  111.:  Specimen 
of  Melanopm  jordanica.     42515. 

McCready,  S.  M.,  Green  Lake  Station, 
Seattle,  Wash.:  Ix)ngicorn  beetle,  Er- 
galea  spiculatvs  I^  Conte.     42180. 

McDowell,  J.  A.,C/ityof  Mexico, Mexi<'o\ 
Plant  from  Mexico.     42082. 


LIST    OF   ACCESSIONS. 


138 


McElwee,  W.,  Waahington,  D.  C: 
Flicker,  or  Golden- winged  woodpecker, 
Colapie9  auratus.     42579. 

MciiEE,  VV  J,  Washington,  D.  C:  Skull 
of  a  Nebraska  Indian.  (Loan. )  8641. 
(See  also  under  Smithsonian  Institu- 
tion, Bureau  of  American  Ethnology. ) 

McGregor,  Mrs.  A.  M.,  Mamaroneck, 
N.  Y. :  Two  specimens  of  Voluta  juno- 
nia  from  Florida.     42541. 

McGregor,  R.  C,  Philippine  Museum, 
Manila,  P.  I.:  Specimens  of  mollusks 
and  myriapods  from  the  Philippine 
Islands  and  the  United  States  (42346) ; 
butterflies  from  Calangan  Island 
(42566). 

McGl'ire,  J.  D.  (See  under  Oamegie 
Institution. ) 

McKay,  C.  M.,  Portland,  Oreg.:  Three 
specimens  of  agate.  Purchase.  L.P.X. 
41634. 

McKiM,  C.  E.  (See  under  Pennsylvania 
Railroad  Company. ) 

McKsEW,  C.  A.     (See  under  B.  A.  Bean. ) 

McKusicK,  M.  N.,  Calais,  Me.:  Specimen 
of  molybdenite  from  Cctoper  mine, 
Cooper,  Me.    41721. 

McLean,  D.,  Rampart,  Alaska:  Received 
through  Dr.  T.  W.  Wilcox,  U.  S.  A.  (re- 
tired). Horns  of  a  fossil  bison  with 
partial  crania.    41710. 

McLean,  Mrs.  J.  J.,  Washington,  D.  C: 
Basket  and  four  beaded  collars  from 
California  (purchase)  (41780);  2 
squirrel-skin  robes  (gift)  (42843). 

McLellan,  Capt  C.  H.,  U.  S.  Revenue- 
Cutter  Service:  Stone  arrowhead  and 
wooden  spearhead.     (Loan.)     9112. 

Madeley,  William,  Stourbridge,  Eng- 
land: Specimens  of  Wenlock  shales 
bryozoans.     Exchange.    42459. 

Magalhaes,  Antonio  M.,  Jr.,  Sao  Paulo, 
Brazil,  South  America:  Received 
through  Dr.  Orville  A.  Derby.  Three 
specimens  of  fossil  wood  from  Lagoa 
station,  on  the  Mogyana  Railroad  near 
Ca^  Branca,  Sfto  Paulo.    42836. 

Major,  Dr.  C.  T.  Forsyth,  British  Mu- 
seum (Natural  History),  London,  Eng- 
land: Ten  skeletons  and  2  skulls  of 
mammals    Porcbase.    41562. 


Man,  Dr.  J.  G.  de,  lerseke,  Zeeland,  Hol- 
land: Received  through  Miss  M.  J. 
Rathbun.  Two  specimens  of  fresli- 
water  crabs  {Potamon  convexiut)^  from 
Java.     41894. 

Manhattan  Electrical  Supply  Com- 
pany, New  York  City :  Received  through 
Mr.  C.  A.  Stimpson.  Morse  telegraph 
apparatus,  consisting  of  a  relay,  sounder, 
and  key.     41948. 

Manitou  Mineral  Springs  Company, 
Manitou,  Colo. :  Received  through  Mr. 
W.  A.  Davis.  Specimens  of  Manitou 
mineral  water.    42543. 

Marstton,  Weir,  Fort  Snelling,  Minn.: 
Salamander  (Ambystoma  tigrinum). 
41523. 

Martin,  A.  F.,  Jersey  Shore,  Pa.:  Long- 
sting,  Megarhyssa  luiiator  Fabr.     41252. 

Marvin,  Dr.  M.  F.,U.  S.  Army,  Manila, 
P.  I.:  Reptiles;  ferns  and  insects;  3 
specimens  of  Mole-crickets;  insects, 
spiders,  myriapods,  and  algae  (42119, 
41291,  41412,  42276). 

Mason,  Prof.  O.  T.,  U.  S.  National  Mu- 
seum: Report  of  the  inaugural  cere- 
monies of  President  Cleveland  and 
Vice-President  Stevenson,  1893.    41716. 

Mason,  R.  F.,  Carbondale,  Pa.:  Whitney 
revolver.     Loan.     42925. 

Massey,  Charles  F.,  Salisbury,  N.  C: 
Specimen  of  granite  from  near  Salis- 
bury. 42224.  (See  also  under  Dr.  G.  P. 
Merrill.) 

Mather,  James  E.,  Muskegon,  Mich.: 
Fresh-water  shells  from  Michigan.  Ex- 
change.    41668. 

Matschie,  Dr.  Paul.  (See  under  Koni- 
gliches  Museum  fiir  Naturkunde,  Ber- 
lin, Germany. 

Matsumura,  Dr.  S.,  Sapporo,  Japan: 
Fifty-nine  specimens  of  parasitic  Hy- 
menoptera  (41762);  through  Dr.  W.  H. 
Ashmead,  267  specimens  of  Hymenop- 
tera  (42475). 

Max  ON,  W.  R.,  U.  S.  National  Museum: 
Bat,  40  cryptogams,  si)ecimen  of  ]>«- 
pertilio  from  Plummers  Island  (41440, 
41466,  41338);  6  plants  from  the  Dis- 
trict of  Columbia  (41323) ;  2  specimens 
of  Bolrychium  from  central  New  York  p 
I      (42504).    (See  also  under  H.D.Hou8e:<?> 
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Mayer,  Mrs.  Harriet  H.     (See  under  i 
Smithaonian  Institution. )  ' 

Maynard,  G.  C,  U.  S.  National  Museum: 
Twenty -three  electrical  instruments. 
(Loan.)    8914. 

Meador,  Clinton  W.,  Corinth,  Miss.: 
Received  through  Dr.  G.  P.  Merrill. 
Four  flint  arrowhea<l8  from  Cherokee 
County,  N.  C.    42146. 

Mearns,  Dr.  E.  A.,  U.  S.  Army:  Four- 
teen mammal  skins  and  skulls,  birds 
and  mollusks  from  Forest  Grove,  Oreg. 
(41234);  6  birds'  eggs,  8  shells  and  a 
spruce  cone  (41250);  96  plants  from 
Oregon,  Idah«,  and  Washington 
(41258) ;  tree  toad  from  Oregon  and  a 
pine  cone  from  Idaho  (411358);  7  speci- 
mens of  unios  from  Fort  Snelling,  Minn. 
(41596);  about  75  specimens  of  land 
and  fresh-water  shells,  plant,  and  a  bird 
from  the  Philippine  Islands  (41889); 
39  birds*  skins  from  the  Philippine 
Islands  (41915,  41958) ;  62  plants,  about 
60  specimens  of  land,  fresh-water,  and 
marine  shells  from  Mindanao  (41962); 
about  12  specimens  of  land  shells  from 
Camp  Overton,  Mindanao  (42037) ; 
about  170  specimens  of  mollusks,  3 
corals,  6  geological  specimens,  2  plants, 
and  a  bird  from  Mindanao  (42063); 
5  plants  from  the  Philippine  Islands 
(42136);  ethnological  material,  mol- 
lusks, mammals,  birds,  birds'  nests, 
insects,  echinoderms,  corals,  plants, 
and  minerals  from  the  Phillippine 
Islands  (42201,  422:^);  mollusks,  mam- 
mals, birds,  crustaceans,  plants,  min- 
erals, and  ethnological  specimens  from 
the  Philippine  Islands  (42403,  42453) ; 
Spanish  Remington  cartridge  and  a 
Mauser  cartridge  (42795). 

Mearns,  Ia^vih  di  Z.,  Circleville,  Ohio: 
Seventy-seven  birds'  skins,  principally 
from  Fort  Snelling,  Minn,  (deposit) 
(41292);  113  birds'  eggs  and  5  birds' 
nests  from  Fort  Snelling  (gift)  (41312); 
rocks  and  fossils  from  the  Yellowstone 
National  Park  and  Fort  Snelling  (gift) 
(41367). 

Meeker,  Dr.  J.  W.,  Brooklyn,  N.  Y.: 
Specimens    of    Apanteles    congregaim 


Meeker,  Dr.  J.  W. — Continued. 

(Say),   belonging  to  the  superfamily 

Ichneumonidae  and  family  Braconidse. 

42320. 
Mblander,  Prof.  A.  L.     (See  under  New 

Mexico  Agricultural  College. ) 
Melville,  J.  C,  Brook  House,  Prestwich, 

England:  Seven  species  of  shells  from 

the  Persian  Gulf.     41515. 
Memorial  Museum,  (iolden  Gate  Park, 

San  Francisco,  Cal. :  Received  through 

Mr.  F.  Gruber,  curator.     Fifteen  birds* 

skins     from     California.      Exchange. 

42366. 
Mengel,    Prof.    L.    W.,    Reading,    Pa.: 

Eight  specimens  of  Lepidoptera  from 

Greenland    and    Florida.     Exchange. 

42675. 

Merriam,  Dr.  C.  H.  (See  under  Depart- 
ment of  Agriculture. ) 

Merrick,  H.  D.  New  Brighton,  Pa. 
Receive*!  through  Dr.  H.  (J.  Dyar. 
Eighty  specimens  of  lepidoptera. 
42174. 

Merrihbw,  Mrs.  M.  C.  W.,  Long  Beach, 
Cal.:  Si)ecimen  of  Chiton  from  Califor- 
nia and  a  specimen  of  Aslarte  from 
Washington.     42648. 

Merrill,  Dr.  George  P.,  U.  S.  National 
Museum :  Home-made  magnifieror  burn- 
ing-glass from  Auburn,  Me.  (41316;; 
rocks  from  Blue  Ridge,  southeast  of 
Luray,  Va.  (41380);  specimen  of  trap 
rock  from  Sheepecot  River,  near  Weet- 
port,Me.  (41386) ;  snakeiSforeriadekaifi) 
from  the  Island  of  Springs,  Sheeps<*ot 
Bay,  Maine  (41400);  specimens  of 
coprolites  from  Fossil,  Wyo.  (41616) ; 
about  2,000  pounds  of  jaspery  hem- 
atite from  Ishpeming,  Mich.  (41637), 
L.  P.  X.;  about  2,000  pounds  of  rhodo- 
chrosite  from  Butte,  Mont.  (41^38); 
specimen  of  fossil  wood  from  Gallatin 
County,  Mont  (41661),  L.  P.X.;  speci- 
men of  Homed  toad,  Phrynomma  breiH- 
rostrCj  from  Madison  Valley,  near  Logan, 
Mont.  (41688) ;  muscovite  granite  from 
the  Great  Falls  of  the  Potomac,  Mary- 
land (41778);  geyser  tubes  from  near 
Opal,  Uinta  County,  Wyo.  (collecttHl 
for  L.   P.  X.)    (41827Jj  large  mass  of 
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Merrill,  Dr.  George  P. — Continued, 
leopardite  from  Charlotte,  N.  C.  (41922) ; 
granite  from  Lilesville,  N.  C.  (41947) ; 
specimen  of  rough  granite  from  Ad- 
vance, N.  C,  collected  for  the  Museum 
by  C.  F.  Massey  (41989);  rocks,  fresh 
and  weathered,  from  North  Carolina, 
collected  by  F.  B.  Laney  (42264);  3 
specimens  of  granite  from  North  Caro- 
lina (42702) ;  collection  of  limonite 
peeudomorphs  and  specimens  illus- 
trating the  origin  of  iron  ore,  from 
the  Katahdin  Iron  Works,  Piscataquis 
County,  Me.  (42905) ;  mica,  apatite,  and 
aasociated  minerals  from  Perkins,  near 
EastTerapleton,  Canada  (42906);  Caen 
stone  from  Christ  Church  Cathedral, 
Montreal,  Canada  (42920).  (See  also 
under  A.  E.  Heigh  way,  George  Jack- 
son, C.  W.  Meador,  and  A.  T.  Roos.) 

Merrill,  Dr.  G.  P.  and  William  Palmer, 
V.  S.  National  Museum:  Rocks  and 
foedls  from  Mexico.     42455. 

Merrill,  J.  F.,  Orono,  Me. :  Three  speci- 
mens of  quartz  from  near  Auburn,  Me. 
L.  P.  X.     41641. 

Metcalf,  a.  B.,  Mesilla  Park,  N.  Mex.: 
Plant  from  New  Mexico.     42880. 

Metcalf,  Prof.  M.  M.,  The  Woman's 
College,  Baltimore,  Md. :  One  hundred 
and  thirty  specimens  of  Lepidoptera. 
Exchange.    42778. 

Metz,  W.  C,  Columbus,  Ohio:  Twenty- 
five  moths.    42342. 

Mexico,  City  of  Mexico :  Seven  plants  from 
Mexico  collected  under  the  direction 
of  Dr.  Fernando  Altamirano.  41011. 
(See  also  under  Instituto  Medico  Na- 
cionaL ) 

Meyer,  Dr.  A.  B.  (See  under  Dresden, 
Germany:  ,K(5nigliche8  Zoologisches 
und  Anthropologisches-Ethnographi- 
sches  Museum.) 

Meter,  Frank  N.  ,  Orizaba,  Mexico:  Four 
plants  from  Mexico.    42847. 

Mbyncke,  O.  M.,  Belfield,  Va. :  One  hun- 
dred and  seven  plants  from  Virginia 
(42744;  42799;  42842). 

Michigan,  University  of,  Ann  Arbor, 
Mich.:  Received  through  C.  C.  Adams, 


Michigan,  University  of— Continued, 
curator.    Ten  birds'  skins  from  Para- 
guay.    42128. 

MiCKwiTZ,  Dr.  August,  lugenieur,  Reval, 
Estland,  Ruasia:  Fifty  specimens  of 
Cambrian  fossils  and  250  specimens  of 
Ordovician  fossils  from  England.  41882. 

Miller,  Dr.  B.  F.,  Bryn  Mawr  College, 
Br)m  Mawr,  Pa.:  About  42  specimens, 
partly  types  of  new  species,  of  fossil 
Cenon,  ffelidnaj  and  Cepolis  from  the 
Bahama  Islands  ( Pleistocene ) .    42865. 

Miller,  Mrs.  E.  P.,  Alexandria,  Va.: 
Specimen  of  Turkey  buzzard.    42395. 

Miller,  Miss  E.  R.,  Cleveland,  Ohio: 
Oak-gall  representing  the  species  Cal- 
lirhytis  comiger  O.  S.  (41247);  4  spe- 
cies of  galls  (41489). 

Miller,  Gerrff  S.,  jr.,  U.  S.  National 
Museum:  Reptiles,  mollusks,  and 
plants  from  Stony  Man  Mountain,  Vir- 
ginia (41256);  mollusks  and  plants 
from  Luray,  Va.  (41287);  2  specimens 
of  Brunus  from  near  Alexandria,  Va. 
(41402) ;  water-lily  obtained  in  Indiana 
by  Mr.  Paul  Bartsch  (41572);  frog 
{ChorophUus  ferianim)  from  Cameron 
Run,  Fairfax  County,  Va.  (41664); 
specimen  of  Pieria  mariana  from  Vir- 
ginia (41729);  salamanders  from  Stony 
Man  Mountain,  Virginia  (42718);  57 
plants  from  New  York  and  Virginia 
(42748;  42783);  plant  from  Virginia 
(41846);  fresh-water  and  land  shells 
from  Stony  Man  Mountain,  Virginia 
(42862);  22  plants  from  Virginia  and 
Texas  (42300). 

Miller,  Miss  Virginia.  (See  under  Na- 
tional Society  of  the  Colonial  Dames  of 
America. ) 

Miller,  W.  S.,  Pagosa  Springs,  Colo.: 
Specimen  of  soap-weed  rope.    42220. 

Mills,  Mrs.  Mary  E.  (See  under  Mrs. 
Catherine  A.  Carter.) 

Mills,  Owen  W.  ,  Millberry,  Mass. :  Soap- 
stone  utensils  and  implements.    42022. 

MiLNER,  H.  K.,  Birmingham,  Ala.:  Snake 
( Osceola  elapsoidea ) .     41551 . 

Minnesota,  University  of,  Mineapolis, 
Minn.:  Ten  specimens  of  Lacinaria 
scariosa.    41283. 
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Minor,  F.  S.,  U.  S.  Mint,  New  Orleans, 
La. :  Specimen  of  Stinging  caterpillar, 
the  larva  of  Empretia  stimulea  Clemens. 
41576. 

MisBNHEiMBR,  M.  A.,  Roseburg,  Greg.: 
Tree-frog,  Hyla  regilla.     41614. 

Missouri  Botanical  Garden,  St.  Louis, 
Mo.:  Mexican  plant  (42589);  plant 
(42872).     Exchange. 

Mitchell,  Dr.  F.  E.,  Washington  Asylum 
Hospital,  Washington,  D.  C:  Foetus; 
brain  of  a  colored  woman;  skeleton  of 
a  negro  (41672;  41693)  (gift);  (pur- 
chase).    (41904). 

Mitchell,  Mr.  Henry,  care  Tweedy 
Trading  Company,  New  York  City: 
Skin  of  an  albatross  from  the  c*oast  of 
Chile.     41544. 

Mitchell,  Hon.  J.  D.,  Victoria,  Tex.: 
White  worm,  ant  (Lobopella  seplentrio- 
nalis)y  beetle  (Cryptobium  lecontei)^  ear- 
wig (Libidura  riparia  Pall),  si>ecimen  of 
nematode  (41613) ;  2  carapaces  of  Cal- 
lin£ct€S  mpidua  from  Old  Indianola, 
Tex.  (41872);  insects  and  reptiles  from 
near  Victoria  (42036);  12  specimens  of 
Planorbw  obstrida  Mor.,  from  Texas 
(42328);  snake  {Olauconia  dulHs)  and 
2  parasitic  worms  of  the  genus  Tamia 
(42824). 

MiYAJiMA,  Dr.  M., Tokio,  Japan:  Twenty- 
six  adult  and  four  vials  containing  early 
stages  of  Japanese  mosquitoes,  repre- 
senting about  14  species.     42727. 

Mohler,  Dr.  John  R.  (See  under  De- 
partment of  Agriculture. ) 

Mooers,  Mrs.  F.  H.,  Elizabeth  City, 
N.  C. :  Carved  oak  cane  made  of  wood 
taken  from  the  old  U.  S.  S.  Hartford 
(42711) ;  sword  used  by  Gen.  Benjamin 
Mooers  of  the  Continental  Army 
(42712). 

MooNEY,  Jambs.  (See  under  Smithso- 
nian Institution,  Bureau  of  American 
ICthnology. ) 


MoREiRA,  Prof.  Carlos.  (See  under 
National  Museum  of  Rio  de  Janeiro, 
Zoological  station. ) 

Morgan,  Dr.  E.  L.,  Washington,  I).  C: 
White  male  foetus.    42611. 

Morrill,  Dr.  A.  D.,  received  through 
Dr.  H.  T.  Femald,  Hatch  Experiment 
Station,  Amherst,  Mass.  Three  co- 
types  of  bees,  Bombtis  cooleyi  Morrill 
and  2  of  Fsithyrus  latitarms  Morrill. 
41424. 

Morrill,  A.  W.  (See  under  Department 
of  Agriculture.) 

Morris,  E.  L. ,  Washington,  D.  C. :  Thir- 
teen plants  from  Nebraska.  Exchange. 
42613. 

Morris,  E.  W.,  Marine  Barracks,  Wash- 
ington, D.  C:  Silver  peso  minted  in 
the  United  States  for  circulation  in  the 
Philippine  Islands.     ( Loan. )     8873. 

Morris,  G.  E.,  Waltham,  Mass.:  Brach- 
iopod  crustaceans  (42664)  12;  speci- 
mens of  Asellus  (42737). 

Morrison,  Prof.  J.  H.,  Luray,  Va.: 
Aphids.     42924. 

Morse,  E.  V.,  Lorain,  Ohio:  Specimens 
of  Oyroceras  and  Conooardium  from  the 
Comiferousof  Sandusky,  Ohio.    42491. 

MoRTENSEN,  Prof.  Th.  (See  under  Co- 
penhagen, Denmark,  Zoological  Mu- 
seum.) 

Morton,  Alexander,  Curator,  Tasmania 
Museum,  Hobart  Town,  Tasmania: 
Obsidian  "button"  from Glenely,  Vic- 
toria, New  South  Wales.    41723. 

Moscow,  Russia;  Museum  op  the  Im- 
perial University:  Five  casts  of  teeth 
of  Mastodon  borsoni.    41831. 

Moseley,  E.  L.,  Sandusky,  Ohio:  Thir- 
ty-six plants  from  Ohio  (exchange) 
(41887);  8  plants  from  Ohio  (gift) 
(42553);  bat  (Tximurus  borealis)  with  3 
young  specimens  (exchange)  (42871). 


Moore,  Clarence  B.,  Philadelphia,  Pa.:  Moulton,  Hon.  George H.,  U.  S.  consul. 
Specimen  of  "Piffer,"  Lagocephalus  \  Demerara,  British  Guiana:  Thirteen 
Isnigatus.    41927.  eggs  of  Hoatzin,  Opisthocomus  hoatztn. 


Moore,  J.  H.,  Washington,  D.  C:  Zinc 


(42567;  42669.)     Purchase  L.  P.  X. 


ore  from   North   Star  mine,  Crooke<l  ^  Mowbray,  Louis,  St.  George,  Bermuda: 
Creek,  near  Harrison,  Ark.     41469.  Specimen  of  fish  (Scorpcma  8p.)f  from 
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Mowbray  Louis — Continued. 
CasUe  Harbor,  and  3  specimens  of  fos- 
sil land  shells  (41907);  12  specimens 
of  Hdijc  (Eupanypta)  pisana  Miill  from 
Bennnda  (42165);  33  specimens  of 
moUusks  and  3  specimens  of  crosta- 
ceans  from  Bermuda  (42292). 

MuLUKEN,  Eablb,  University  of  Califor- 
nia, Berkeley,  Cal.:  Plant  from  Cali- 
fornia.   42592. 

McNBO,  G.  C,  Molokai,  Sandwich 
Islands:  Phmt.    41341. 

MrBGCiONDo,  Sefior  Prudencio  de,  con- 
sul-general of  Paraguay,  Baltimore, 
Md. :  Specimen  of  phosphate  rock  from 
South  Carolina,  representing  the 
Charleston  deposit.    42050. 

Murray,  T.  P.,  president  North  Carolina 
Corundum  Company^  Corundum,  N.  C. : 
Corundum  and  associations  of  rocks 
and  minerals.     41628. 

MU8tBD*HI8TOIRBNATURELLE.     (SceUUder 

Paris,  France.) 

Museum  op  Comparative  Zoology,  Cam- 
bridge, Mass.:  Received  through  Dr. 
Walter  Faxon.  Five  specimens  of 
crabs  from  the  Hawaiian  Islands. 
42868. 

Museum  of  Fine  Arts,  Boston,  Mass.: 
Received  through  Mr.  M.  S.  Prichard, 
director.  Plaster  casts  of  Aretine 
molds.     L.  P.  X.    42371. 

Museum  of  the  Imperial  University. 
(See  under  Moscow,  Russia.) 

MuBEU  Paulista.  (See  under  Sao  Paulo, 
Brazil. ) 

Nack,  Charles,  Bahia,  Brazil,  South 
America:  Crystals  of  phlogopite  from 
Bahia.     42098. 

National  Museum  op  Rio  de  Janeiro, 
Zoological  section,  Rio  de  Janeiro, 
Brazil,  South  America:  Received 
through  Prof.  Carlos  Moreira.  Four 
alcoholic  specimens  (cotypes)  of  crus- 
taceans from  Brazil.    41824. 

National  Society  of  the  Colonial 
Dames  op  America:  Through  Miss 
Virginia  Miller.  Colonial  mold  for 
pewter  spoons.     (Loan.)    8546. 


National  Society  op  the  Daughters 
OP  THE  American  Revolution,  through 
Mrs.  C.  W.  Fairbanks,  president- 
general:  Six  framed  photographs  and 
record  shield  of  the  society  (9279); 
water-colored  sketch  of  Continental 
Hall  (9396);  received  through  Mrs. 
J.  E.  Eetey,  chairman  of  Revolutionary 
relics  committee,  Brattleboro,  Vt., 
framed  facsimile  of  the  agreement  of 
General  Lafayette  to  serve  in  the  Con- 
tinental Army;  framed  Martha  Wash- 
ington stamp;  cotton  patchwork  quilt; 
blue  and  white  patchwork  quilt  made 
by  the  niece  of  Ethan  Allen;  2  blue 
and  white  platters  from  Mrs.  Bruce,  of 
Quaker  City  Chapter,  formerly  the 
property  of  Caleb  Cushing;  received 
through  Mrs.  Fairbanks,  11  Revolu- 
tionary relics;  also  the  following  pub- 
lications of  the  Society:  ** American 
Monthly  Magazine  of  the  National 
Society  of  the  D.  A.  R.;"  **Report  of 
the  D.  A.  R.  to  the  Smithsonian  Insti- 
tution;*' **  Directory  of  the  D.  A.  R.;" 
gold  souvenir  spoon,  souvenir  porce- 
lain with  insignia  of  the  Society,  con- 
sisting of  a  large  cup  and  saucer,  a  small 
cup  and  saucer,  and  a  small  pitcher;  and 
a  framed  photograph  of  three  badges 
conferred  by  the  Society  on  founders 
and  for  special  service  (9259) .    ( Loan. ) 

Nattrbss,  Thomas,  St.  Andrews  Manse, 
Amherstburg,Ontario, Canada:  Twenty- 
one  Comiferous  fossils  from  Essex 
County,  Ontario,  and  75  Hamilton 
fossils  from  Bartletts  Mills,  Ontario. 
41921. 

Navas,  Rev.  R.  P.  L.,  Colegio  del  Sal- 
vador, Zaragoza,  Spain:  Twenty-eight 
south  European  Neuropteroid  insect*? 
including  an  Embiid,  4  specimens  of 
Termitidse,  2  of  Odonata^  4  of  Myrme- 
leonidfie,  and  17  of  Chrysopidse  (42581 ) ; 
14  Neuropteroid  insects  (42596);  50 
specimens  of  Odonata  and  7  of  Myrme- 
leonidse  from  Spain  ( 42828 ) .  Exchange. 

Nbedham,  Prof.  J.  G.,  Lake  Forest,  111.: 
Eighty-six  specimens  of  dragon-fly 
nymphs  of  North  America.    41805. 

Nehrling,  H.,  Gotha,  Fla.  Received 
through  Dr.  F.  H.  Knowlton:  Two 
plants  from  Florida.^  42^.^oOgle 
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Nelson,  A.,  Laramie,  Wyo.:  One  thou- 
sand one  hundred  and  two  plants  from 
rtah,  Nevada,  and  Wyoming.  Pur- 
chase.    41415. 

Nelson,  E.  W.,  Department  of  Agricul- 
ture, Washington,  D.  C. :  Two  hundred 
and  one  plants  from  Mexico  (41327; 
41328;  41330);  primitive  spinning  wheel 
and  dresses  of  2  Maya  women  (41977); 
eggs  of  Mexican  birds  (42154).  Pur- 
chase. (See  also  under  Department  of 
Agriculture  and  Mrs.  N.  M.  Brown. ) 

Newhall,  W.  H.,  U.  S.  National  Museum: 
Concretions  of  ferruginous  sandstone. 
42716. 

Newman,  W.  C,  Meridian,  Miss.:  Speci- 
men of  Qaercm  pumila  from  Mississippi. 
42481. 

New  Mexico  Agricultural  (College, 
Mesilla  Park,  N.  Mex.  Received 
through  Prof.  A.  M.  Melander,  Univ. 
of  Chicago:  Five  types  of  Mutillidse, 
comprising  MutUla  hamaUi  Melander; 
M.  heber  Mel. ;  if.  arebus  Mel. ;  if.  trila 
.     Mel.,  and  if.  grate  Mel.    41674. 

Newton,  Mrs.  Charles  H.,  Washington, 
D.  C. :  Canary  bird.     42350. 

New  York  Botanical  Garden,  Bronx 
Park,  New  York  City:  Two  plants 
(exchange)  (412G7);  4  plants  (ex- 
change) (41268);  280  specimens  of 
Pteridophyta  collected  in  Jamaica  by 
Dr.  L.  M.  Underwood  (exchange) 
(41269);  3  plants  (parts  of  types)  from 
Texas,  Louisiana,  and  Mexico  (ex- 
change) (41336);  148  plants  from  Colo- 
rado (gift)  (41703);  4  plants  from 
different  localities  in  the  United  States 
(exchange)  (41886);  plant  from  Mex- 
ico (gift)  (41913);  144  plants  (ex- 
change) (42014);  2  plants  from  New 
York  and  California  (gift)  (42088);  82 
plants  from  Martinique,  (xuadeloupe, 
Florida,  and  other  localities  (exchange) 
(42089);  2  plants  (exchange)  (42093); 
plant  (exchange)  (42187);  245  plants 
from  Colorado  (exchange)  (42303); 
500  plants  from  Jamaica  (exchange) 
(42554);  2  plants  (exchange)  (42813); 
through  Dr.  N.  L.  Britton,  4  plants 
(exchange)  (42904). 


Nichols,  F.  H.,  Perkinsville,  Vt:  Speci- 
men of  asbestos  from  Weathersfield, 
Vt.     42700. 

Nichols,  G.  E.,  New  Haven,  Conn.:  One 
hundred  and  sixty  plant*)  from  Jamaica. 
Purchase.     42286. 

Nichols,  Dr.  J.  B.,  Garfield  Hospital, 
Washington,  D.  C. :  Brain  of  a  white 
American  adult  male.    41293. 

Noge,  E.  J.     (See  under  T.  T.  Lane.) 

Norton,  Prof.  Richard,  Rome,  Italy: 
Four  casts  from  reliefs  from  the  Arch 
of  Trajan.    Purchase.    L.P.X.    42866. 

Nurse,  Maj.  C.  G.,  Thirteenth  Bombay 
Infantry,  Quetta,  Baluchistan,  India: 
Forty-three  species  of  Indian  Cero- 
palidse  (new  to  Museum  collection) 
(gift)  (41858);  130  species  of  Hymen- 
optera  from  India  (exchange)  (42496). 

Nylander,  O.  O.,  Newsweden  Station, 
Me.:  Seven  specimens  of  amphipods 
from  Caribou  stream.  Woodland,  Aroos- 
took County,  Me.  (42011);  20  speci- 
mens of  H elder bergian  fossils  from 
Ashland,  Me.  (42148);  supposed  mete- 
oric iron  (42233). 

O'Reilly,  Dr.  R.  M.  (See  under  War 
Department. 

Oberholser,  H.  C.  (See  under  Depart- 
ment of  Agriculture.) 

Ogden,  Dr.  H.  V.,  Milwaukee,  Wis.: 
Fifteen  batrachians.    42123. 

Oldroyd,  Mrs.  T.  S.,  Los  Angeles,  Cal.: 
Fifty-four  specimens  of  marine  shells 
from  California.     (41847;  42152. ) 

Oldys,  Henry,  Washington,  D.  C. :  Two 
plants  from  the  District  of  Columbia, 
42926.  (See  also  under  Dr.  J.  E.  Bene- 
dict.) 

Orcutt,  C.  R.,  San  Diego,  Cal.:  Plants 
I  from  California.  (Exchange  and  gift.) 
I       (41298;  41597;  42183;  42753.) 

Ord,  Maj.  James  C,  U.  S.  Army,  Chevy 
Chase,  Md.:  Two  buffalo  robes.   42860. 

Ord,  Mrs.  J.  P.,  Albany,  N.  Y.:  Glass 
berry  dish  presented  to  Gen.  E.  O.  C. 
Ord,  U.  S.  Army,  by  General  Diaz,  of 
Mexico,  and  said  to  have  belonged  to 
Hernando  Cortez.     Loan«    8948., 
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Obbobn,  Prof.  H.  F.,  American  Museum 
of  Natural  History,  New  York  City: 
Eight  casts  of  feet  of  fossil  horses. 
Exchange.  41655.  (See  also  under 
American  Museum  of  Natural  His- 
tory.) 

Osborne,  J.  E. ,  Norwalk,  Ohio.  Received 
through  Smithsonian  Institution,  Bu- 
reau of  American  Ethnology.  Two 
iron  axes  of  the  pioneer  period  of  the 
Northwest,  probably  of  French  origin 
(42330);  Iroquoian  antiquities  from 
Georgian  Bay  (42494). 

Osgood,  W.  H..  Washington.  D.  C.:' 
Plant  from  Alaska.  42854.  (See  also 
under  Department  of  Agriculture. ) 

OsLAR,  E.  J.,  Alcott,  Colo. :  One  hundred 
and  fifty  specimens  of  Lepidoptera 
(gift)  (42309;  42310;  42317;  42368; 
42436);  260  specimens  of  Orthoptera 
from  Arizona  and  New  Mexico  (pur- 
chase) (42697). 

OsMUN,  A.  v.,  Amherst,  Mass.:  Specimen 
of  Equisetum  scirpoides  from  Ck)nnecti- 
cut.    42121. 

OcTBB,  Felix  F.,  Buenos  Aires,  Aigen- 
tina:  Aboriginal  remains  from  the 
province  of  Catamarca.    42720. 

OwKN,  Virgil  W.,  Los  Angeles,  Cal.: 
Twenty-nine  moths  (42603);  2  speci- 
mens of  turtle  {Kinostemon)  from 
Arizona  (42921). 

OwsTON,  Alan,  Yokohama,  Japan.  Re- 
ceived through  Dr.  David  S.  Jordan: 
Specimen  of  Mitsukurina  owstoni  from 
Sagami  Bay,  Japan  (purchase)  (42120); 
2  reptiles  from  Bonin  Island,  Japan 
(gift)  (42639). 

Oxford,  Museum  of  the  University  op, 
Merton  CoU^e,  Oxford,  England.  Re- 
ceived through  W.  F.  R.  Weldon: 
Three  enlaiged  models  of  teeth  of  an 
embryonic  Omithorhynchus.    42186. 

OziAS,  J.  W.,  Lawrence,  Kans.:  Parts  of 
uniforms,  documents,  cartridges,  shells, 
etc.,  obtained  in  the  Philippine  Is- 
lands.   41609. 

OziAs,  O.  O.  (See  under  Computing 
Scale  Company,  Dayton,  Ohio. ) 

Pace,  Lulu,  Temple,  Tex. :  Eight  plants, 
inclnding  SoUdago  canadenns  scabrius- 


Pace,  Lulu— Continued. 
cula  Porter;  Eryngium  leavenvxyrthii  T. 
and  G.;  Euphorbia  bicolor  Engelm.; 
Andropogon  scoparius  Michx.;  Andro- 
pogon  hallii  Hack.,  2  specimens,  and 
Chrympogon  nutmis  (L. )  Benth  (41595) ; 
plant  from  Texas  (42741). 

Packard,  Mrs.  S.  A.,  Brockton,  Mass.: 
Small  hand-made  cushion.    41549. 

Paguuchi,  F.  D.,  Habana,  Cuba:  Speci- 
men of  Pipefish,  Siphogtoma  louisianse  (?) 
from  Pablo,  Cuba.     41410.    ' 

Paine,  J.  H.,  Catalina  Island,  Cal.:  Two 
marine  shells.    41432. 

Painter,  J.  H.,  U.  S.  National  Museum: 
Four  plants  (41368) ;  Sphinx-moth  from 
Toluca,  Mexico  (41929);  specimen  of 
Senecio  from  Fairfax  County,  Va. 
(42001);  167  plants  from  Pennsylvania 
and  New  Jersey  (42789). 

Palache,  Prof.  Charles.  (See  under 
Harriman  Alaskan  Expedition. ) 

Palmer,  G.  W.,  Knik,  Cooks  Inlet,  Alas- 
kan: Grizzly  bear,  Urms  horribilis^  from 
the  head  of  Knik  Arm.  Purchase. 
L.  P.  X.    41563. 

Palmer,  Joseph,  U.  S.  National  Museum: 
Snake  (Ophibolus  rkombomactUatus). 
42750. 

Palmer,  Dr.  T.  S.,  Department  of  Agricul- 
ture: Plaster  cast  of  (Modontotherium 
palmerif  a  fossil  vertebrate.    42142. 

Palmer,  William,  U.  S.  National  Mu- 
seum: Three  hundred  and  twenty -eight 
plants  from  Newfoundland  (41362) ;  frog 
from  St.  Johns  (41776) ;  29  specimens  of 
Diptera,  5  specimens  of  Lepidoptera, 
and  2  specimens  of  Coleoptera  (42194); 
2  specimens  of  Succinea,  26  birds*  skins, 
whale  feed,  Rhoda  inermis  (KrOyer) 
from  Newfoundland  (42226;  42239; 
42294) ;  12  plants  from  Arizona  (42329) ; 
reptiles  and  plants  from  Mexico  (42456; 
42472) ;  41  plants  from  Missouri  (42797) ; 
7  birds*  skins  from  West  Mexico  (42830) ; 
crustaceans  and  echinoderms  from 
Guaymas, Mexico  (42870);  75specimens 
of  marine  shells  from  La  Pas,  Lower 
California  (42879). 

Palmer,  William,  and  George  P.  Mer- 
rill, U.S.  National  Museum:  Rocks  and 
fossils  from  Mexico.    42455.  ^  ^  ^  ^^  ^C 
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Pans,  A.  B.,  Gaffney,  S.  C:  Two  fossil 
plants  from  Lafollette,  Tenn.    42167. 

Paret,  Mrs.  A.  E.  B.,  Sweetwater,  Tex.: 
Two  plants  from  Texas.    41608. 

Paris,  France,  Mus^e  d'Histoire  Natu- 
relle:  Received  through  Count  Robert 
du  Buysson.  Twenty-five  specimens  of 
wasps  belonging  to  the  family  Vespidse. 
Exchange.     42499. 

Parkhurst,  Mrs.  Clara,  Washington,  D. 
C:  Two,  cockroaches  {'Blatta  orientals 
Linnaeus)  42840. 

Parks,  Miss  M.  A.,  U.  S.  National  Mu- 
seum :  Fossils,  crustaceans,  and  a  piece 
of  coral,  bird  skin,  45  specimensof  land, 
fresh-water,  and  marine  shells,  bat,  5 
specimens  of  Labroid  fishes,  tooth  of  a 
fossil  shark,  from  the  Azores.     41561. 

Parsons,  Miss  M.  E.,  San  Rafael,  Cal.: 
Two  specimens  of  Poly  podium  from 
California  (41798;  42116). 

Partbllo,  Maj.  J.  M.  T.,  U.  S.  Army, 
Presidio,  San  Francisco,  Cal. :  Syntomid 
moth  (Sitntomw).    41366. 

Passmore  Gem  Company,  Boston,  Mass. : 
Emerald  matrix  from  North  Carolina; 
ruby  matrix  from  North  Carolina,  and 
a  paste  model  of  a  brilliant  (gift) 
(41473);  11  models  showing  styles  of 
cutting  gems  (purchase)  (41474). 

Patrick,  Prof.  D.  S.,  Fort  Smith,  Ark.: 
Spider  (Ordgarius  comigerus  Hentz). 
41657. 

Patrick,  F.  A.,  Palestine,  Tex.:  Larva  of 
a  Chrysopa-fly.    41281. 

Peabody  Museum,  Boston,  Mass.:  Re- 
ceived through  C.  C.  Willoughby. 
Casts  of  Quirigua  Dwarf  and  Sastan- 
quique  sculpture.  Purchase.  L.  P.  X. 
42489. 

Peale,  E.  W.,  through  Dr.  A.  C.  Peale, 
U.  S.  National  Museum:  Oil  portrait  of 
Prof.  S.  F.  B.  Morse,  by  Schussele. 
41919. 

Pbarsall,  Richard  F.,  Brooklyn,  N.  Y.: 
Received  through  Department  of  Agri- 
culture. Four  galls  and  18  specimens 
of  parasitic  Hymenoptera.     41851. 

Pearson,  Charles  H.  (See  under  Chel- 
aea  Clock  Company. ) 


Pbckham,  Prof.  G.  W.,  Public  Library, 
Milwaukee,  Wis.:  Two  moths.     42922. 

Pellbgrin,  a.  L.,  Nogalee,  Ariz.:  NuggeU 
of  native  silver.    42449. 

Pblliorini,  Wilhelm,  Chemnitz,  (xer- 
many:  Cast  of  fish  (Forrelenlmrsch). 
42890. 

Penafiel,  Dr.  Antonio,  Mexico,  Mexico: 
Casts  of  Mexican  antiquities.  Purchase. 
L.  P.  X.     42584. 

Pennsylvania  Railroad  Company,  Pitts- 
burg, Pa.:  Received  through  C.  E. 
McKim,  superintendent  of  telegraph. 
Four  old  telegraph  insulators,  3  Morse 
tel^raph  keys,  and  a  Morse  telegraph 
relay.    41460. 

Pepoon,  H.  L.,  Chicago,  III.:  Twenty- 
three  specimensof  violets.  Exchange. 
41361. 

Perdew,  a.  G.,  Cumberland,  Md.:  Slab 
of  Arthrophyciui  harlani  from  Wills 
Creek  Gap,  near  Cumberland.     41942. 

Pergandb,  Theo.,  Department  of  Agri- 
culture: Two  specimens  of  dragonflien 
and  three  specimens  of  mayflies  from 
Minneapolis,  Minn.    41654. 

Perkins,  R.  C.  L.,  Honolulu,  Hawaiian 
Islands:  Received  through  Department 
of  Agriculture.  Four  cotypes  of  Ech- 
throdelphax  fairchildii  Perkins,  from 
Oahu.    41648. 

Peters,  Maj.  George.  (See  under  Smith- 
sonian Institution. ) 

Peyster,  (ien.  John  Watts  de.  (See 
under  Smithsonian  Institution,  and 
War  Department.) 

Pfordte,  O.  F.,  Rutherford,  N.  J.:  Speci- 
men of  chalcedony  from  Mexico  and 
pectolite  from  West  Paterson,  N.  J. 
Exchange.     42061. 

Phalkn,  W.  C,  U.  S.  National  Museum: 
Specimens  of  manganese  and  iron  ores 
from  Crimora  and  Elkston,  Va.;  also 
mastodon  bones  from  Cave  Station,  Va. 
42715.  (See  also  under  Frank  W. 
Wood.) 

Philippine  Islands,  Manila,  Bureau  of 
Agriculture:  Received  through  U.  S. 
Department  of  Agriculture.  Two  thou- 
sand four  hundred  and  forty-three 
plants  and  specimens  of  cellular  crypto- 
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Philippinb  I8LAND8,  ETC. — Continued, 
gams    from    the    Philippine    lelands 
(41279;  41699;  42140);  91 7  plants  from 
the  Botanical  Garden  of  Java  (42090). 
Exchange. 

Philippine  Museum,  Manila,  P.  I»:  Re- 
ceived through  Hon.  DeanC.  Worcester. 
One  hundred  and  ninety-four  birds' 
skins  from  the  Philippine  Islands. 
Exchange.     41856. 

Pierce,  Fbank  C,  Dallas,  Tex.:  About 
100  plants  from  Europe.    41883. 

PiLSBBY,  Dr.  H.  A.,  Academy  of  Natural 
Sciences,  Philadelphia,  Pa. :  About  60 
specimens  of  land  and  fresh- water  shells 
from  Mexico  (41720);  7  specimens  of 
Holospira  from  Cave  Creek,  Chiricahua 
Mountains    and    Fort    Bowie,    Ariz. 

-     (42661). 

PiPEB,  Prof.  C.  v.,  Department  of  Agri- 
culture: Six  hundred  and  four  plants 
from  Washington  (41667);  received 
through  Department  of  Agriculture,  54 
type  8f>ecimens  of  plants  principally 
from  Washington,  D.  C.  (41806);  25 
specimens  of  Dectidnx  (42268);  large 
collection  of  insects,  consisting  of  2,930 
specimens  from  Washington  (State) 
(42343);  8  plants  from  Washington 
(42390;  42636);  48  insects  from  Wash- 
ington and  Idaho  (42668);  96  plants 
from  Washington  (42674);  5  plants 
from  Calif omia  (42812) .  (See  also  un- 
der Department  of  Agriculture;  Wash- 
ington Agricultural  College,  Pullman, 
Wash.) 

Pipffl,  S.  A.,  Department  of  Agriculture, 
Washington,  D.  C. :  Three  plants  from 
Louisiana.    41574. 

PiRET,  A.,  Toumai,  Belgium:  Three  hun- 
dred and  ninety-four  specimens  of 
Lower  Carboniferous  invertebrates, 
collected  by  Mr.  Charles  Schuchert. 
Purchase     41839. 

PnriEB,  H.,  San  Joe6,  Costa  Rica:  Three 
hundred  and  twelve  plants  from  Costa 
Rica  (purchase)  (41857;  42279;  42282); 
109  plants  (purchase)  (42281);  speci- 
men of  Agplenium  from  Costa  Rica  (gift) 
(42412). 

Plcmmeb,  Fred.  G.  (See  under  Depart- 
ment of  Agriculture. ) 


PocATELLo  Gold  and  Copper  Mining 
Company,  Pocatello,  Idaho:  Specimen 
of  copper  ore.    41531. 

PoHNDORF,  A.  P.,  Butte,  Mont:  Five 
specimens  of  smoky  quartz  from  Mon- 
tana.   41627. 

Pollard,  C.  L.,  U.  S.  National  Museum: 
Twenty-five  plants  from  Ohio  (41382); 
44  plants  from  Plummers  Island,  col- 
lected principally  by  Messrs.  Pollard 
and  Dowell  (41446);  plant  from  the 
District  of  Columbia  (41535) ;  specimen 
of  Tnphora  trianthopora  from  Plummers 
Island  (41730). 

Pollock,  Mrs.  J.  8.,  Tuxedo,  Mexico: 
Barred  owl,  Symium  rarium.     42240. 

Pollock,  Mrs.  Mary,  Washington,  D.  C: 
Six  beetles  and  an  insect  from  Talklai, 
Ariz.     41652. 

Pracht,   Max,   Durango,   Cal.:    Rhodo- 

chrosite-manganese  carbonate  in  quartz 

I       (41918);  specimen  of  topaz  in  matrix 

I      of  rhyolite  (42190).     (See  under  J.  H. 

Grimes. ) 

Preble,  E.  A.  and  A.  E.,  Department  of 
Agriculture:  Four  specimens  of  dragon 
flies  (Odonata)  and  3  of  Lepidoptera 
from  Athabasca,  Canada.    41659. 

Prentiss,  Dr.  D.  W.,  Washington,  D.  C: 
Plant  from  Newfoundland.    42301. 

pRKSTON,  J.  W.,  Baxter,  Iowa:  Received 
through  Dr.  W.  L.  Ralph.  Specimen 
of  Scarlet  tanager,  Piranga  erythromelcuff 
in  abnormal  plumage.     42723. 

Prevention  of  Cruelty  to  Animals, 
Society  of.  Ponce,  Porto  Rico:  Re- 
ceived through  the  Bureau  of  American 
Ethnology,  Smithsonian  Institution. 
Twenty-two  garouches,  garouche  han- 
dle, metal  horse  bridles,  wadded  club, 
whip  handle,  and  2  bridles  with  curbs. 
42912. 

Prey,  Miss  Mina,  Porto  Rico:  Received 
through  the  Department  of  Agricul- 
ture. One  hundred  and  thirty-seven 
plants  from  Porto  Rico.    41303. 

Prichard,  M.  S.  (See  under  Museum 
of  Finn  Arts,  Boston,  Mass.) 

Prindle,  L.  M.  (See  under  Interior  De- 
partment, U.  S.  Geological  Survey. )  ^ 
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pRiNGLE,  C.  G.,  University  of  Vermout, 
Burlington,  Vt:  Seven  hundred  and 
seventy  plants  from  Mexico  and  Cuba 
(purchase)  (41320);  4  living  plants  from 
northern  Mexico  (gift)  (41812) ;  2plant8 
(gift)  (42188);  94  plants  from  Mexico 
(purchase)  (42231);  480  plants  from 
Mexico  (purchase)  (42444;  42506);  2 
living  plants  from  Mexico  (42653). 

Pritzel,  Dr.  E.,  Botanical  Museum,  Ber- 
lin, Germany:  Seven  hundred  and 
seventy-three  plants  from  Australia. 
Purchase.    42285. 

Prokbs,  Joseph  N.,  Jackson,  Minn.: 
Fragments  of  Indian  pottery.     42041. 

Public  Museum,  Milwaukee,  Wis.:  Two 
skins  of  weasels  representing  the  spe- 
cies in  summer  and  winter  coats. 
42248. 

PuRPus,  C.  A.,  Zacatecas,  Mexico,  and 
Col.  George  Hochderffer,  Flagstaff 
Ariz.:  Small  collection  of  fishes  from 
Mexico.     42032. 

PuRPUs,  C.  A.,  Zacatecas,  Mexico:  In- 
sects from  Mexico  (part  of  Ace.  42032) 
(gift);  33  plants  from  Mexico  (pur- 
chase) (42184);  received  through  T.  S. 
Brand egee,  30  plants  from  Mexico 
(gift)  (42679);  322  plants  from  Mexico 
(purchase)  (42693). 

PuRPi's, J.  A.,  Darmstadt,  Germany:  Two 
specimens  of  Cotyledon  purpusi  from 
Mexico.     41603. 

PusEY,  Mrs.  M.  J.,  Callao,  Peru:  Six 
hundred  and  eight  specimens  of  insects 
from  Peru,  comprising  534  specimens 
of  Lepidoptera  and  74  other  insects. 
41615. 

Putnam,  Hon.  Herbert.  (See  under 
Congress,  Library  of.) 

Putnam,  W.  B.,  Salt  Lake  City,  Utah: 
Eight  specimens  of  cave  calcite  and 
aragonite  from  Utah.     41629. 

QuATREFACiE,  Camille,  Couey  Island, 
N.  Y.:  Silver  coin  of  Louis  XV,  dated 
1757.     Purchase.     41385. 

Race,  Frank  L.  (See  under  Laral)ola 
Mining  and  Development  Company, 
Chicago,  111.) 

Kalph,  Dr.  W.  L.,  U.  S.  National  Mu- 
seum:   Eleven    mammals    from    New 


Ralph,  Dr.  W.  L. — Continued. 
York  (41695 ) ;  2  specimens  of  deer  from 
the  Adirondack  Mountains  (41774);  2 
specimens  of  Odocoileas  virginianus  from 
New  York  (41912);  231  birds*  eggs  from 
North  America  (42040).  (See  also  un- 
der J.  W.  Preston. ) 

Ramirez,  Dr.  J.,  Instituto  Medico  Nacio- 
nal.  City  of  Mexico,  Mexico:  Part  of 
type  of  a  plant  from  Mexico.    41326. 

Ramsey,  C.  E.,  Riverside,  Cal.:  Telescope 
cigar  holder.     41696. 

Randle,  Richmond,  Memphis,  Tenn.: 
Water  bug,  Corvta  hurmeisUri  Fieb. 
41850. 

Rapp,  Severin,  Sanford,  Fla.:  Three 
plants  from  Florida.    41570. 

Rathbun,  Miss  M.  J.,  U.  S.  National 
Museum:  Specimen, of  Hyalxa  cumingi 
Desh.,  from  the  Indian  Ocean.  42571. 
(See  also  under  Dr.  J.  G.  deMan. ) 

Ravknel,  W.  DeC.,  U.  S.  National  Mu- 
seum: Two  specimens  of  deer  {Odoco- 
iliis  rirginianus ) .     42078. 

Read,  Prof.  T.  T.,  University  of  Wyo^ 
ming,  Laramie,  Wyo. :  Ten  specimens 
of  chalcedony.     Exchange.     42048. 

Reed,  Dr.  S.  L.,  Wilson ville,  Ky.:  Si>eci- 
men  of  Horn-tailed  saw-fly,  Tremex  co- 
lumba  L.     41581. 

Reed,  Thomas  T.  (See  under  Adelaide, 
Australia..) 

Reeder,  J.  T.,  ('alumet,  Mich.:  Ten 
specimens  of  fungi  (gift)  (42198);  22 
specimens  of  copper  and  associations 
(purchase)  L.  P.  X.  (42199);  specimens 
of  powellite  and  whitneyite  (gift) 
(42684).  (See  also  under  Tamarack 
Mining  Company. ) 

Reid,  J.  L.  (See  under  Department  of 
Agriculture. ) 

Reid,  William,  Tucson,  Ariz.:  Sample  of 
volcanic  dust.     42124. 

Remenkampf,  Frau  von,  Borkholni 
Schloss,  Station  Tamsal,  Baltioch  Eisen- 
Imhn,  Russia:  Thirty  specimens  of  fos- 
sils from  the  Borkholm  fonnation. 
42134. 

Keverchon,  J.,  Dallas,  Tex.:  Twenty- 
three  plants  from  Texas.  (41391; 41954; 
42087.) 
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Rbtnolds,  Dr.  E.  R.,  U.  S.  Pension  Office, 
Washington,  D.  C. :  Eight  negatives  of 
skaUs.     42278. 

RHEB9,  W.  J.,  Smithsonian  Institution: 
Records  of  underground  temperatures 
and  artesian  wells.    42578. 

Rice,  B.  W.,  Boise,  Idaho:  Specimen  of 
hyalite  (42893);  plant  from  Idaho 
(42897). 

Ric£,  D.  L.,  Washington,  D.  C. :  Specimen 
of  garnet    42667. 

Richardson,  Mrs.  C.  W.,  Washington, 
D.  C. :  Painted  elk-skin  robe  from  the 
Shoshones  Wind  River  Reservation  at 
Fort  Washakie,  Wyo.    42470. 

RiCKER,  P.  L. ,  Department  of  Agriculture, 
Washington,  D.  C. :  Specimen  of  Myxo- 
myceles  from  Maryland.    41691. 

RiKSB,C.  B.,  New  York  City:  Two  moths 
and  3  cocoons  from  Mexico.    42522. 

RiLJBY,  J.  H.,  Falls  Church,  Va.:  Four 
bate  and  15  birds'  skins  from  the  Ba- 
hamas (41601);  squirrel  {Sciurus  hud- 
nonicus  loquax)  (41892);  snake  (Natrix 
leberis)  from  Falls  Church,  Va.  (42474; 
set  of  4  eggs  of  American  woodcock, 
PkUohela  minor  (42550).  (See  also 
under  Bahama  Expedition. 

Ris,  B.  (See  under  Hungerford  Brass 
and  Copper  Company. ) 

RivERfs,  Dr.  J.  J.,  received  through  Dr. 
Ralph  Arnold,  Oceanpark,  Cal.:  Spec- 
imen of  California  Pliocene  bryozoan. 
42145. 

RivBs,  Col.  W.,  Washington,  D.  C:  Der- 
inger  rifle.     (Loan.)    9509. 

RoBBiMs,  G.  C,  Sandon,  British  Colum- 
bia: Forty-eight  insects  from  British 
Columbia.    41600. 

Roberts,  Hon.  G.  E.,  Treasury  Depart- 
ment, Washington,  D.  C. :  Bronze  mint 
medal  of  the  late  President  McKinley. 
42510. 

Robinson,  Capt  Wirt,  U.  S.  Army,  San- 
tiago, Cuba,  and  Fort  Totten,  N.  Y. : 
Bats  (42178);  132  specimens  of  insects, 
principally  Lepidoptera  (42202);  nest 
of  Sporadinus  riceordi  and  4  skins  of 
Polioplila  lembeyi  (42451). 


RocKHiLL,  Hon.  W.  W.,  Director,  Bureau 
of  American  Republics,  Washington, 
D.  C:  Japanese  musical  instrument 
(exchange)  (42182);  photographs  of 
native  workmen  atPekin  (gift)  (42324) ; 
oriental  antiquities,  including  2  Chi- 
nese lamps,  a  pair  of  shoes,  leather  belt, 
and  2  wooden  canteens  of  Grecian  make 
(gift)  (42380). 

RoDENDAHL,  C.  O.,  Minneapolis,  Minn.: 
Plant  from  Minnesota.    41555. 

RoLLB,  H.,  Berlin,  Germany:  Four  hun- 
dred and  nineteen  specimens  of  ori- 
ental and  other  exotic  land  shells. 
Purchase.     42928. 

RoMiNGER,  Prof.  Carl,  Ann  Arbor,  Mich. : 
liarge  collection  of  corals,  crinoids,  and 
trilobites  from  the  Paleozoic  formation 
of  the  Miaaissippi  Valley  (Upper  Silu- 
rian, Devonian,  and  Carboniferous) 
(purchase)  (L.  P.  X.)  (41332);  a  large 
collection  of  bryozoans  and  mollusks 
representing  the  larger  part  of  the  Pale- 
ozoic formations  of  the  Mississippi 
Valley  (Upper  Silurian,  Devonian,  and 
Carboniferous)  (purchase)  (41538); 
fossils  constituting  the  remainder  of 
this  collection  (42170). 

RooNEY,  Miss  B.  M.,  St.  Johnsbury,  Vt: 
Twenty  species  of  Ophioglassaceae  from 
Vermont.     Exchange.     42505. 

Roos,  A.  T.,  Deadwood,  8.  Dak.:  Speci- 
men of  lepidolite  from  Ingersoll  Group 
of  Claims,  Harvey  Peak  Tin  Company, 
South  Dakota,  collected  by  Dr.  George 
P.  Merrill.    41997. 

Roosevelt,  Hon.  Tbeodore,  President  of 
the  United  States:  Buckskin  hunting 
shirt  made  for  the  President  by  the 
Delaware  Indians  (41797);  ethnolog- 
ical objects  from  the  Philippine  Islands 
(42858);  pair  of  Willow  Ptarmigans, 
Lagojms  lagopuSf  from  the  vicinity  of 
Valdez,  Alaska  (42649);  3  ceremonial 
objects  presented  by  the  Zufli  Indians, 
through  the  Bureau  of  American  Eth- 
nology (42217);  collection  of  native- 
made  guns,  pistols,  and  bolos  from  the 
Philippine  Islands  (42351). 

Rose,  Dr.  J.  N.,  U.  S.  National  Museum: 
Plants  from  Mexico  (41508,41509,41533, 
41573,  41583,  41594,  41639,  41692,  41742, 
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Rose,  Dr.  J.  N. — Continued. 
41752,41779);  3,863  plants  from  Mexico 
and  about  100  specimens  of  shells  rep- 
resenting the  species  Valvata  gincera 
Say  from  Mexico  (41841);  3  Mexican 
baskets  (42111). 

RosKLL,  Dr.  Antonio,  San  Juan,  Porto 
Rico:  Three  specimens  of  fossils  from 
the  Oligocene  of  Yauco,  Porto  Rico. 
42018. 

RosBNBeRO,  W.  F.  H.,  London,  England: 
Two  specimens  of  LepuSy  2  specimens 
of  Xenis,  2  of  Hyrax^  and  a  spotted 
hyena  (41643);  92  specimens  of  Hy- 
menoptera  (41770);  pair  of  petrels, 
Oceanodroma  castro  from  the  Madeiras 
(41793);  bat  (Sph^onyderis)  (42130); 
raX  (Zygodontamy 8  cherriei)  (42349);  18 
birds*  skins  from  Chiriqui,  also  3 
mammals  (42398);  1,861  specimens  of 
Hymenoptera  and  Hemiptera  from 
South  America,  Queensland,  and  Cey- 
lon (42699).     Purchase. 

RosBNDAHL,  C.  O.,  Minneapolis,  Minn.: 
Plant  from  Canada.    41285. 

Roth,  Dr.,  Lands  Department,  Brisbane, 
Queensland:  Collection  of  artifacts  to 
illustrate  stone-working  among  the  an- 
cient Tasmanians  of  Blackman  Bay. 
The  series  include  chert  nuclei  or 
cores,  various  forms  of  flakes  struck 
from  these,  and  roughly  worked  blades 
to  be  used  later  as  special  tools. 
42352. 

RoTHGEB,  D.  A.,  Leaksville,  Va.:  Beetle 
( Dynastes  tiiyus  Linnaeus).     42923. 

Royal  Botanic  Garden.  (See  under 
Sibpur,  Calcutta,  India.) 

Royal  Botanic  Gardens.  (See  under 
Kew,  London,  England. ) 

Royal  Geographical  Society  of  Aus- 
tralasia. (See  under  Adelaide,  Aus- 
tralia. ) 

Ruddock,  G.  T.,  San  Francisco,  Cal.: 
Plant  from  Oregon.     41334. 

Ruffin,  J.  N.  (See  under  Department 
of  Agriculture. ) 

RuHE,  Louis,  New  York  City:  Python 
representing    the    species   Preticulalm 


RuHE,  Louis — Continued, 
from  the  East  Indies.     Purchase.     L. 
P.  X.    41363. 

RuMMEL,  Mrs.  Franz,  Washington,  D.  C. : 
Gilt  vest  buttons,  grande  cordon,  and 
ribbons  of  decoration  which  belonged 
to  the  late  Prof.  S.  F.  B.  Morse. 
(Loan.)    9217. 

Ruth,  Albert,  Knoxville,  Tenn.:  Plant 
from  Texas.    41748. 

Rutter,  Cloudsley.  (See  under  Depart- 
ment of  Commerce  and  Labor,  Bureau 
of  Fisheries. ) 

St.  Mary's  Academy,  M6nroe,  Mich.: 
Received  through  Sister  Mary  Cather- 
ine. Two  corals  (41496) ;  crayfish,  rep- 
tile, and  mollusks  (41501). 

St.  Petersburg,  Russia,  Imperial  Acad- 
emy OF  Sciences:  Received  through 
Prof.  Frederic  von  Schmidt.  One  hun- 
dred and  thirteen  specimens  of  selected 
fossils  from  the  Reval  Provincial  Mu- 
seum.   42393. 

Sanders,  J.  G.,  Ohio  State  University, 
Columbus,  Ohio.:  Ten  species  of  scale 
insects  from  Ohio,  including  cotypes  of 
2  species  described  by  donor.    42874. 

Sanderson,  Prof.  E.  D wight.  State  Ento- 
mologist, Agricultural  and  Mechanical 
College,  College  Station,  Tex. :  Lizard 
from  Comanche  County,  collected  by 
R.  T.  Jaynes  (41431);  5  specimens  of 
Lepidoptera  (42376). 

Sanson,  N.  B.,  curator,  Rocky  Mount 
Park  Museum,  Banff,  Alta,  British  Co- 
lumbia: Plant  from  Canada  (41582)  2 
specimens  of  Hymenoptera,  3  of  Odo- 
nata  and  a  horse-fly  (41651);  2  speci- 
mens of  wasp  (  Vesjm  viaculata  L. ),  and 
a  beetle  (Dytiscus  inarginicollis  Leconte) 
(41852). 

Sao  Paulo,  Brazil,  Museum  Paulista: 
Received  through  Dr.  H.  von  Ihering, 
director.     Three  bats.     42814. 

Sarle,  C.  J.,  Rochester,  N.  Y.:  Speci- 
mens of  Rochester  shales.     41565. 


Savery,  J.  C,  Cable,  Mont.:  Specimen 
of  native  gold  in  pyrrhotite  from  Cable 
'      mine.      Deposit.     41631. 

I  ScHAEFFER,  C,  Brooklyu,  N.  Y.:   Nine 
"i      specimens  of  Orthoptera.     42360. 
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bCHALLER,  W.  T.,  U.  S.  Geological  Sur- 
vey, Washington,  D.  C:  Specimen  of 
palacheite  from  California  (41712); 
specimen  of  esmeraldaite  from  Eeme- 
rulda  County,  Nevada  (42007). 

ScHAiss  William,  Twickenham,  Eng- 
land: One  hundred  and  fifty- three  mis- 
cellaneous insects  from  Jamaica  (41972)  ; 
328  specimens  of  Lepidoptera  from 
Cuba  (42359). 

ScHEFPBR,  Theodore,  Agricultural  Col- 
lege, Manhattan,  Kans.:  Twelve  spi- 
ders, cotypes  of  species  described  by 
the  donor.     42695. 

SchUJter,  Wilhelm,  Ualle  a  Salle,  Ger- 
many: Eighty-three  mammals  from  the 
Old  World  (41294);  monkey  (Presbytes 
cephalopterus)  (42114);  12  skins  of  Ruff 
{Machete* pugnax)  (42758).     Purchase. 

ScHMiD,  E.  8.,  Washington,  D.  C:  Three 
brains  of  rabbits  (41605);  2  guinea 
pigs,  a  Belgian  hare,  and  a  Cuban  par- 
rot (41724);  raccoon  (41740);  3  speci- 
mens of  ScmropieruB  wlans  (41750); 
snake  {Coluber  guttalm)  from  Florida 
(41870);  skull  of  a  fox  terrier  (42051) ; 
head  of  a  rabbit  (42073);  3  fox  squir- 
rels (42096);  python  (42255);  crab 
(Gexxtrcinus)  (42686). 

Schmidt,  Prof.  Frederick  von.  (See un- 
der St.  PetersbuiTg,  Russia,  Imperial 
Academy  of  Sciences. ) 

ScHNBCK,  J.,  Mount  Carmel,  111.:  Jump- 
ing-mouse.    42827. 

Schonland,  Dr.  S.  (See  under  Grahams- 
town,  South  Africa,  Albany  Museum. ) 

Schrsiner,  Jacob,  St.  Petersburg,  Russia: 
Twenty-four  specimens  of  parasitic  Hy- 
menoptera  (42139);  23  species  of  para- 
sitic Hymenoptera  (42318). 

ScHUCHERT,  Charles,  U.  S.  National  Mu- 
seum: About  500  specimens  of  Creta- 
ceous fossils,  principally  bryozoans  from 
Mastricht,  Holland  (41818);  2  speci- 
mens of  trachyte  from  Drachenfels, 
Germany,  and  one  specimen  of  bitumen 
from  Vis^,  Belgium  (41826);  about  300 
specimens  of  Silurian  and  Lower  Devo- 
nic  foesi Is  collected  in  Bohemia  (41 842); 
specimens  of  volcanic  rocks  from  the 
Provinces  of  Eifel  and  Nassau,  Ger- 


ScHucHERT,  Charles — Continued. 

many  (41875);  about  1,000  specimens 
of  Silurian  fossils  collected  on  the  island 
of  Gotland,  Sweden  (42002);  about 
1,000  specimens  of  Lower  Silurian  fos- 
sils collected  at  various  places  in  Est- 
land,  Russia  (42392);  615  specimens  of 
Silurian  fossils«  (42701 ) .  ( See  also  under 
A.  Piret. ) 

ScHUETTE,  J.  H.,  Green  Bay,  Wis.:  Two 
plants  from  Wisconsin.     41271. 

Schwarz,  Prof.  E.  A.,  Department  of 
Agriculture,  Washington,  D.  C:  One 
hundred  and  forty-one  specimens  of 
Hemiptera  from  Cuba  (41345):  300 
specimens  of  Lepidoptera,  6,000  speci- 
mens of  Coleoptera  from  Victoria  and 
Goliad,  Tex.  (41817).  (See  also  under 
Department  of  Agriculture,  and  Wash- 
ington Biologists  Field  Club. ) 

ScoTT,  Mrs.  M.  N.,  Honolulu,  Hawaiian 
Islands:  Specimens  of  hair;  bamboo- 
6he;  hat  and  basket  material;  Oloma 
( fiber) ;  mat  pandanes  and  anklet  shells 
(42164);  cocoanut  bowl  from  the  Ha- 
waiian Islands  (42361);  specimens  of 
native  Hawaiian  work  consisting  of  2 
straw  hats,  a  bone  fishhook,  and  a 
wooden  bowl  (42383). 

Sec  ODER,  S.  H.  (See  under  Interior  De- 
partment, U.  S.  Geological  Survey. ) 

ScuRLOcK,  Dr.  H.  C,  Washington,  D. 
C:  Skeletons  of  2  negroes  (42289);  2 
foetus  (42379);  brain  of  an  adult  negro 
(42416);  f(vtns  (42430);  skeletons  of 
2  full-blood  negroes  (42528). 

Sedgwick  Museum.  (See  under  Cam- 
bridge, England.) 

Seegar,  G.  E.,  U.  S.  National  Museum: 
Belgian  hare.     41568. 

Selden,  Charles,  Baltimore,  Md.:  Tele- 
graphic key  manufactured  by  W.  Shock 
in  1864.     41421. 

Seler,  Dr.  Edward.  (See  under  Berlin, 
Germany,  Konigliches  Museum  fiir 
V^olkerkunde. ) 

Sempers,  J.  Ford,  Aiken,  Md.:  Specimen 
of  lonactis  UnearifoUa.     41706. 

Seton,  Ernest  Thompso.n,  Cos  Cob,  Conn. : 
Skin  and  skull  of  a  White-tailed  fawn 
from  Manitoba.     42760. 
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Soton-Karr,  H.  W.,  Cairo,  Egypt:  Two 
hundred  and  seventy-eight  stone  im- 
plements from  the  Fayum  district, 
Egypt.     42189. 

Shaw,  George  R.,  Bangor,  Mass.:  Eight 
specimens  of  pines  from  the  Arnold 
Arboretum,  Jamaica  Plain,  Mass.  Ex- 
change.   42171. 

Shaw,  Hon.  L.  M.  (See  under  Treasury 
Department. ) 

Sheldon,  Mrs.  C.  A.,  Washington,  D.  C: 
Butterfly  and  3  beetles  from  western 
China  and  3  North  American  insects. 
42542. 

Sheldon,  E.  P.,  Portland,  Greg.:  Three 
plants  from  Oregon.  41383.  (See  also 
under  Department  of  Agriculture. ) 

Sherman,  F.  G.  (See  under  Central 
Railroad  Company  of  New  Jersey. ) 

Sherwood,  W.  L.,  New  York  City:  Two 
abnormal  specimens  of  tadpole.    42414. 

Short,  J.  W.,  Liberty,  Ind.:  Specimen 
of  Myxomycetes  from  Indiana.     41401. 

Shull,  G.  H.,  University  of  Chicago, 
Chicago,  111. :  Two  plants  from  Indiana. 
41316. 

SiAs,  A.  W.,  Harbor  View,  Fla.:  Received 
through  Department  of  Agriculture. 
Plant  from  Florida.     41715. 

SiBPUR,  Calcutta,  India;  Royal  Botanic 
Garden:  One  hundred  and  forty -three 
plants  from  India.     Exchange.    41537. 

Sickles,  F.  M.,  Los  Angeles,  Cal.:  Speci- 
men of  pink  spodumene.     41436. 

Simmons,  George,  Manvel,  Cal.:  Stone 
implements,  pottery,  and  pieces  of  tur- 
quoise, etc.    41701. 

SiMMS,  Mrs.  Thomas,  Altariionte  Springs, 
Fla. :  Received  through  Department  of 
Agriculture.  Plant  from  Florida.  42404. 

Simpson,  C.  B.,  Department  of  Agricul- 
ture, Washington,  D.  C:  Thirteen 
larval  cases  of  Limnephiltis  indUigus 
Walk.,  from  Ithaca,  N.  Y.     4ia53. 

Singer,  George  P.,  Lockhaven,  Pa.:  Re- 
ceived through  Department  of  Agricul- 
ture.   Plant  from  Pennsylvania.    42746. 

Skues,  R.  a.,  Gunnison,  Colo.:  Moth 
(Arachnia  atra  N.  &  D. )     42067. 


I  Slater,  W.  M.,  president  American  Ru- 
tile Company,  Washington,  D.  C. :  Spec- 

I      imen  of  ferrotitanium.     42072.     (See 
also  under  American  Rutile  Company. ) 

I  Sloan,  C.  G.,  &  Co.,  Washington,  D.  C: 
Two  antique  lamps  and  an  antique  salt 
box.  Purchase.  42017. 
Slosson,  Mrs.  A.  T.,  New  York  City: 
Eight  specimens  of  Hymenoptera  from 
Biscayne  Bay,  Florida  (41943);  moth 
from  Florida  belonging  to  a  new  genus 
and  species  (42703). 

Smith,  Eugene  A.,  University,  Ala. :  Spec- 
imens of  turquoise.     41993. 

Smith,  H.  II.,  Pittsburg,  Pa.:  One  hun- 
dred and  two  plants  from  South 
America.     Purchase.     41317. 

Smith,  Dr.  Hugh  M.,  Bureau  of  Fish- 
eries, Washington,  D.  C:  Collection 
of  reptiles  and  batrachians  from  Japan 
(gift)  (41419);  miscellaneous  inver- 
tebrates, bats,  and  mollusks  from 
various  localities  in  Japan  (gift) 
(41439);  Iroquois  rattle,  made  from  a 
snapping  turtle  (exchange)  (42889); 
Japanese  teeth-blacking  outfit  (loan) 
(9508. )  (See  also  under  Dr.  K.  Kishi- 
nouy^. ) 

Smith,  Capt.  John  Donnell,  Baltimore, 
Md.:  Plants  from  Guatemala,  one  of 
them  collected  by  Mr.  H.  von  Turck- 
heim  (41935;  42232.) 

Smith,  J.  G.,  Honolulu,  Hawaiian  Is- 
lands: Plant  from  Honolulu.    42745. 

Smith,  Prof.  J.  P.,  Inland  Stanford 
Junior  University,  Stanford  Univer- 
sity, Cal.:  Hypotype  of  Gastrioceros 
glohulomm^  figured  in  Monograph  No. 
42  of  the  U.  S.  Geological  Survey. 
41923. 

Smith,    Milton    W.,    Portland,    Greg.: 

Three  8i)ecimen8  of  Macrorhampws  sro- 

I      lopaceu^  and  Gallinago  delicala.     42293. 

Smithsonian  In.stitution,  Mr.  S.  P. 
Langley,  Secretary:  Twenty-three  flint 
implements  from  the  Temple  of  Osiris, 
Abydos,  and  2  gaming  dice  from  Beh- 
nesa.  41 749.  Presented  by  the  Egypt 
Exploration  Fund,  London,  England, 
through  Mr.  James  Cotton,  secretary. 
An  obsolete  barometer,  No.  358. 
42137. 
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Life-sized  relief  in  plaster  of  Prof. 
Alpheus  Hyatt.  42337.  Presented  by 
Mrs.  Harriet  Hyatt  Mayer. 

Eleven  photographs  showing  a  new 
method  of  making  casta.  42604.  Pre- 
sented by  Maj.  George  A.  Peters, 
Toronto,  Canada,  through  Mr.  0.  C. 
Cullen. 

Sheila  and  musket  balls  from  the 
battlefield  of  Gettysburg;  Chinese  hari- 
kari  dagger,  bone-handled  **  couteau  du 
chasse,"  Siamese  double  dagger,  single- 
handle  East  India  dagger,  Malay 
bolong,  Abyssinian  flissa,  U.  S.  artillery 
sword  of  Roman  pattern,  horn,  2  flint- 
lock pistols  in  a  wooden  case,  2  horse 
pistols  in  a  wfX)den  case,  2  Satsuma 
vases  on  stands,  Russian  icon,  single- 
barrel  sporting  gun,  3-inch  Parrott  solid 
shell,  and  a  Dahlgren  explosive  shell; 
eight  historical  specimens  (42616; 
42730;  43875).  Presented  by  Gen. 
John  Watts  de  Payster,  Tivoli,  N.  Y. 

Fourteen  photographs  of  the  mam- 
moth expedition  of  Beresofka  River. 
42802. 

Bronze  medal  struck  in  commemora- 
tion of  the  dedication  of  the  Chamber 
of  Commerce  of  the  State  of  New  York. 
42811.  Presented  by  the  Chamber  of 
Commerce  of  the  State  of  New  York. 

Transferred  from  the  Bureau  of  Ameri- 
can Ethnology,  Mr.  W.  H.  Holmes, 
chief:  Bronze  medal  awarded  to  the 
Bureau  of  American  Ethnology  by  the 
Louisville  Exposition,  in  1883;  bronze 
modal  with  aluminum  case  aNyarded  to 
the  Bureau  by  the  World's  Columbian 
Exposition,  1893,  and  a  gold  medal 
awarded  by  the  Cotton  States  and  In- 
ternational Exposition,  Atlanta,  in  1895 
(41355);  material  transferred  from  the 
Bureau,  consisting  of  specimens  col- 
lected by  Prof.  W  J  McGee  in  Mexico 
and  also  among  the  Papago  and  Seri 
Indians;  (41397);  pestle  of  schistose 
atone  collected  by  Prof.  G.  K.  Gil- 
bert near  Redstone,  Tulare  County, 
Cal.  (41726);  ethnological  objects  from 
various  localities  (41802);  human  skel- 
eton and  basket,  basket,  tule  mat,  and 
remains  of  a  net  from  a  cave  near 
Bakersfield,  obtained  by  purchase  from 
James  W.  Stockton,  Bakersfield,  Cal. 


Smithsonian  iNsriTunoN—Continued. 
(41978) ;  basket  and  mat  of  the  Haida 
Indians  with  figures  of  Killer  whale, 
collected  by  John  R.  Swanton  (42216); 
ethnological  material  collected  among 
the  American  Indians  by  James  Mooney 
(42431);  collection  of  ethnological  ob- 
jects from  the  northern  coast  collected 
by  J.  R.  Swanton  (42513);  Zufii  blan- 
ket, specimen  of  Tekuna,  ceremonial 
sash,  wooden  paddle,  2  Zufli  masks, 
Zufii  shirt,  pair  of  amulets,  and  Hopi 
sash  (42514);  archeological  specimens, 
obtained  through  Mr.  E.  H.  Jacobs, 
Bentonville,  Ark.  (42531);  bronze 
medal  awarded  to  the  Bureau  of  Amer- 
ican Ethnology  by  the  Universal  Ex- 
position held  in  Paris  in  1889  (42551); 
6  ethnological  objects  collected  by  John 
R.  Swanton  (42610);  about  550  speci- 
mens illustrating  Dr.  J.  Walter  Fewkes's 
researches  in  the  Caribbean  region 
(42916).  (See  also  under  Mr.  Bunker; 
I.  C.  Harris;  S.  E.  Jackson;  J.  E.  Os- 
borne; Prevention  of  Cruelty  to  Ani- 
mals, Society  of.  Ponce,  Porto  Rico; 
William  N.  Zoller.) 

TVansferredfroin  the  National  Zoological 
Parky  Dr.  Frank  Baker,  superintend- 
ent: Spice  finch  (41238);  Valley  part- 
ridge, CalUpepla  califomica  vaUicola 
(41239) ;  3  specimens  of  deer  {Cariacus 
macrotis) ,  and  a  Brush-tailed  rock  kan- 
garoo, Petrogale  penicUlata  (41240); 
brain  of  an  alligator  (41589);  Mud 
hen,  GaUinule;  finch  (Sporxginthus 
flavidirentTns) ;  coyote  {Canis  frustroa); 
Native  Australian  cat,  Dasyurus;  Java 
sparrow  and  bittern  (41676);  bear 
(  Vrms  japonicuft) ;  Arctic  fox,  Vulpes 
logopus;  bear  (  Ursus  americanus);  deer 
(Cariacus)  (41677);  cat  (Felts  eyra)\ 
ocelot  ( Felis  pardalis) ;  2  specimens  of 
Jaguar,  Fells  onca;  coyote  (Canis  frus- 
tror)  and  Wallaby,  OnychogaU  frenata 
(41678);  duck  (Dendronessa  galericu- 
lata);  coot  (Fulica  americana);  Wood 
duck  (Aix  sponsa)  (41679);  alligator 
( Alligator  mississippiensis )  ( 41680 ) ; 
Echidna,  Echidna  aculeata  (41681 ) ; 
lory,  Java  sparrow,  parrakeet,  fish- 
hawk,  grass  parrakeet,  fiamingo 
( Fho'nicopterus  antiquorum )  ( 41682 ) ; 
2  specimens  of  Tree  duck,  Dendrocyg-p. 
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8m  iTiisoN  I  AN  I N8TITUTION — (.'onti  nucd . 
na  nrctuatay  and  a  Brown  pelican, 
Pdecarius  fusctis  (41683);  baboon 
(Papio  hamadryas)^  Great  horned 
owl,  Bubo  virginianujif  specimen  of 
Ocyphaps  lophoUSj  American  magpie, 
Pica  pica  htidsonica,  pine  snake,  PUy- 
ophi»  melanoieucuft,  and  an  European 
swan,  Oygnus  gibbus  (41684);  Grass 
parrakeet;  Louisiana  heron,  Ardea 
tricolor  ruficollis;  Wanga  wanga  pigeon, 
LcTicomrda  picaia,  3  specimens;  lory, 
2  specimens  of  J^encomrna  picata 
(41685);  specrimen  of  Echidna  acitle- 
ata  (41686);  Dingo,  Canis  dingo; 
American  bison.  Bison  aniericanus; 
bear  ( Urms  americnnu^)  (41687) ; 
specimen  of  Tennessee  warbler,  Hel- 
minlhophila  peregrina  (41702),  pigeon 
{Geopelia  placida),  and  a  specimen  of 
Trichogiossus  versicolor  (41744);  cock- 
atoo (Cacatua  roseicapilla) ;  2  speci- 
mens of  coot  ( PiUica  americana) ;  par- 
rot (Amazona  leucocephala) ;  Flamin- 
go, Phcenicopterus  ruber ^  Snowy  owl, 
Xyctea  nyctea  (41983);  Mule  deer,  Ca- 
riacus  niacrotis;  deer  {Cerriis  philippi- 
nus);  armadillo  (Tatusia  norancincta); 
wallaby  (2  specimens)  and  a  sloth 
{Choloeptis  didactylm)  (41984);  oi)08- 
sum  {Phalangistn  fuUgino8(f)]  monkey 
( Cebus) ;  Uutia,  Capromys  piloridrs; 
skull  of  seal  {Phoca  riudina)  and 
Echidna,  Echidna  aculeata  (41985); 
tortoise  (Teslndo  tabulaki)  (41986); 
Gallinule;  Wild  boar,  Sus  scrofa;  swan 
(Olor  columbianus) ;  hawk  {Arcipifer 
cooper i)\  coot  (Pvdira  americana)  and 
Woo<l  duck,  Aix  spoma  (41987); 
Chuckawalla  (41988);  5  birds  (42761); 
Cayman  (42762) ;  2  specimens  of  Great 
blue  heron,  Ardea  herodias  (42763); 
Swift  Fox,  Vulpes  relax  (42764); 
(irizzly  Ixiar,  VnnLs  horribi/ls  (42765); 
Cinnamon  l)ear,  Ursus  americann.^; 
American  buffalo.  Bison  americanus 
(42766);  moose  ( Alces  americanns) 
(42771);  tortoise,  snake  and  an  ocelot 
(42767);  owl  (Bubo  rirginianus);  owl 
(Xyctea  nyctea);  White  stork,  Oiconia 
alba;  stork  {Leptoptilus  crumenifenis) ; 
egret,  (Ardea  candidissima) ;  crane  (An- 
thropoidea  Hrgo)  (42768);  Cassowary, 
Casuarius    australis;     Water     turkey. 
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Anhinga  anhinga;  Piping  crow,  Gym- 
norhina  tibicen;  pigeon;  parrakeet 
(Melosittacus  undulaitis);  cockatoo 
(Cacatua  roseicapilla)  (42769);  6  birds 
(42770);  moose  (42771);  moose  (Alces 
americanus);  Black  wolf,  Canis  hipis 
griseo-albus;  ocelot  ( Feiispardalis) ;  Aus- 
tralian native  cat  ( Damfurus)  dir\{\  rac- 
coon (Procyon  cancriix/nis)  (42772); 
Grass  parrakeet,  Melopsiitacus  undxdatus 
(42773);  Gray  wolf,  yellow  balxwn, 
Java  sparrow,  Grolden  eagle  and  Har- 
bor seal  (42774);  Amazon  (Amazorut 
levaillanti)  (42779);  Sun  bear,  Vrstts 
Tnalayamis  (42780);  Sparrow  hawk, 
Falco  sparrerins^  and  a  Purple  heron, 
Ardea  purpurea  (42832);  Purple  heron 
(42833). 

Snyder,  J.  O.  (See  under  Leiand  Stan- 
ford Junior  University.) 

SoocHow  University,  Soochow,  China: 
Collection  of  insects.     41236. 

SorNNER,  H.,  Chicago,  111.:  Myriapo<l 
representing  the  species  Cermatia  for- 
ceps.    41505. 

South  Side  Sportsmen's  Club,  Oakdale, 
Long  Island:  Received  through  J.  O. 
Clift,  superintendent.  I^rge  (ierman 
brown  trout  raised  in  the  South  Side 
Club  Hatchery.     42806. 

SowERBY  AM)  Fi'LTON,  Royal  Botani*-al 
Ganlens,  Kew,  England:  Sj)ecimen  of 
VolntajmlchraHo^'.    Purchase.    4193S. 

Spalding,  Thomas,  Stockton,  Utah:  Six 
specimens  of  *Sifz///?T«t  ;>a«/fw.     42271. 

Sponville,  H.  J.,  director  of  mines  at 
Demidoff,  St.  Petersburg,  Rus.«»ia: 
Rocks  from  Demidoff  mines,  province 
of  Perm,  Russia.     42160. 

SpRiNtJER,  Rev.  Ri'TEK  W.,  U.  S.  Army, 
Fort  Washingt(m,  Md.:  Large  shell 
representing  the  s|>ecie8  Oundha  gi- 
gantea  innn  the  Eocene  of  Fort  Wash- 
ington.    42707. 

Staneart,  C.  W.,  Forest  Hill,  La.:  Beetle 
( Dynastes  (ity  us  L. ) .     41 21^. 

Stanton,  Dr.  T.  W\,  U.  S.  Geologicjil 
Survey:  Seven  ** Medicine  sticks" 
found  in  Montana.  41970.  (See  also 
under  A.  W.  Jones.) 
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Stanton,  Rev.  W.  A.,  Manila,  Philippine 
Islandf*:  Lepidoptera  (41671);  insects 
(41958;  42068);  263  specimens  of  in- 
sects (42208;  42558);  19  vials  of  Hy- 
menoptera  (42682);  6  specimens  of  an 
Aleyrodes  and  5  specimens  of  hymen6p- 
terous  parasites  (42738). 

State  Agricultural  College,  Fort  Col- 
lins, Colo.:  Received  through  S.  A. 
Johnson.     Leeches  and  Aptis.    41968. 

State  CoLLECiE,  Bozeman,  Mont.:  Re- 
ceived through  Prof.  F.  W.  Traphagen. 
Minerals  and  ores.     Exchange.    4 1 75 1 . 

State  Department.  (See  under  Hon. 
H.  R.  Dietrich.) 

Stearns,  Dr.  C.  IL,  U.  8.  Army,  Wash- 
ington, D.  C. :  Specimen  of  sponge  (^ti- 
pUcUUa)  41370. 

Stearns,  Dr.  R.  E.  C,  Los  Angeles,  Cal.: 
Two  hundred  and  fifty  shells  represent- 
ing the  species  Helix  aspersa  Mull  from 
California  (41425) ;  about  125  specimens 
of  Pnphia  from  California  (41 448) ;  about 
2,500  specimens  of  marine  shells  from 
California  (41761);  8  shells  represent- 
ing the  species  Saxidomus  nuUaUii  from 
California  (41890) ;  8  specimens  of  Pceci- 
lozonUes  from  Bermuda,  collected  by  Mr. 
A.  J.  Edwards  (42038);  325  specimens 
of  Crepidxda  onyx  variety  rugosa  Nutt., 
from  San  Pedro,  Cal.  (42071);  20  speci- 
mens of  Lasea  rubra  Mort,  from  Santa 
Barbara,  Cal.  (42433). 

Steele,  E.  8. ,  Department  of  Agriculture, 
Washington,  D.  C. :  Five  specimens  of 
Sedum  from  West  Virginia.     41542. 

Steele,  Mrs.  Grace  A.  K.,  Washington, 
D.  C. :  Three  hundred  and  twenty-five 
plants  from  Virginia.  Purchase.  42357. 

Stejnbger,  Dr.  Leonhard.  (See  under 
J.  G.  Crawford.) 

Stejnbger,  MIssThora,  Bergen,  Norway: 
Fifteen  mammals  and  42  reptiles.  Pur- 
chase.   41558. 

Stephens,  F.  (See  under  Department  of 
Agriculture. ) 

Stephens,  Miae  Kate,  San  Diego,  Cal.: 
One  hundred  specimens  of  land  and 
freah-water  shells  from  California. 
42752. 


Sterki,  Dr.  v.,  New  Philadelphia,  Ohio: 
Four  cotypesof  PUinorbis  reheUus  Sterki. 
42878. 

Stevenson,  Mrs.  M.  C,  Bureau  of  Ameri- 
can Ethnology,  Washington,  D.  C: 
Nine  Zufli  and  Navaho  blankets.  Pur- 
chase.    L.  P.  X.     41372. 

Stewart,  A.  H.,  Washington,  D.  C: 
Outfit  of  a  Bagobo  family  from  Davao, 
Philippine  Islands.     Purchase.    42856. 

Stilwell,  L.  W.,  Dead  wood,  S.  Dak.: 
Rocks  and  minerals  from  various  locali- 
ties.    Purchase.     L.  P.  X.    42015. 

Stimpson,  C.  a.  (See  under  J.  H.  Bun- 
nell &  Co.  ;  Manhattan  Electrical  Sup- 
ply Company;  Foote,  Pierson  &  Co. ) 

Stockton,  J.  W.  (See  under  Smithso- 
nian Institution,  Bureau  of  American 
Ethnology. ) 

Stokes,  Susan,  Salt  Lake  City,  Utah: 
Three  hundred  plants  from  Utah  and 
Nevada.     Purchase.    42141. 

Stone,  Miss  Ellen  A.,  Washington,  D.C. : 
French  plaster  medallion  of  Lafayette. 
Loan.     9103. 

Stroh,  Jacob  G.,  Waterloo,  Ontario, 
Canada:  Flint  arrowhead.     42545. 

Stubblepield,  Mrs.  A.  W.,  Cumberland, 
Md. :  Twenty-four  specimens  of  fossils 
from  the  Oriskany  and  Hamilton  for- 
mations of  Pendleton  County,  W.  Va. 
(41863);  specimen  of  HalysUes  and  4 
trilobites  from  Pendleton  Coimty 
(42042). 

Studds,  Granville,  Alexandria,  Va.: 
Three  snakes  from  Fairfax  County, 
Va.     41963. 

Sturtz,HerrB.,  Bonn,  Germany:  Twen- 
ty-four specimens  of  fossil  starfishes, 
crinoids,  and  crabs.  Purchase.  L.  P.  X. 
41837. 

SubiSa,  Sefior  Arturo,  Ponce,  P.  R. :  Re- 
ceived through  Dr.  J.  Walter  Fewkes. 
A  Spanish  coin.     42732. 

Suter,  Henry,  Auckland,  New  Zealand: 
One  hundred  and  eighty-seven  speci- 
mens of  land,  fresh-water  and  marine 
shells  from  Auckland.     42434. 

Swan,  Miss  Ethelyn,  Dallas  City,  Pa.:    . 
Three  specimens  of  (^^i^^  ^I^^qIc 
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S WANTON,  J.  R.  (See  under  Smithsonian 
Institution,  Bureau  of  American  Etii- 
nology.) 

SwETLAND,  Dr.  B.  S.,  Brocton,  N.  Y.: 
Four  goniatites  and  two  specimens  of 
OHhoceras.     42586. 

Swift  &  Co.,  Kansas  City,  Kans.:  Re- 
ceived through  R.  H.  Frisby,  superin- 
tendent. Tooth  of  Mastodon  ameri- 
amw.     42856. 

Swift,  F.  W.,  Alden,  N.  Y.:  Six  speci- 
mens of  bryozoans  and  corals  from  the 
Hamilton  formation  of  Alden  (gift) 
(41231);  half  of  a  ceremonial  or  ban- 
ner-stone (loan)  (8540). 

Tableb,  Miss  Elizabeth,  U.  S.  National 
Museum:  Spider  (Epeira  inmlariSj 
Hentz),  from  Buckeystown,  Md. 
41598. 

Talbert,  Frank,  Soldiers'  Home,  Rich- 
mond, Va. :  Specimens  of  Psyllid  galls. 
41578. 

Tamarack  Mining  Company,  Calumet, 
Mich.:  Received  through  John  T. 
Reeder.  Specimens  of  whitneyite  and 
chalcocite.     42321. 

Tammen,  H.  H.,  Denver,  Colo.:  Ten 
specimens  of  minerals.  Purchase. 
L.  P.  X.    41632. 

Tassin,  Wirt,  U.  S.  National  Museum: 
Four  mother-of-pearl  cat's  eyes  from 
China.    41934. 

Taylor,  Effie  P.,  Thomasville,  Ga.: 
Received  through  Dr.  William  Tre- 
lease.     Plant  from  Georgia.     42900. 

Taylor,  Rev.  G.  W.,  Wellington,  British 
Columbia:  Two  hundred  and  seventy- 
nine  specimens  of  Lepidoptera  (gift) 
(41529);  24  specimens  of  Geometrid 
moths  from  British  Columbia  (ex- 
change) (42431). 

Terres,  Hon.  John  B.,  U.  S.  vice-consul. 
Port  au  Prince,  Haiti:  Petrified  oys- 
ters from  mountains  between  Haiti  and 
Santo  Domingo,  at  a  height  of  1,100 
feet;  also  land  shells  found  in  the  same 
mountains.     42523. 

Terry,  William  A.,  Bristol,  Conn. :  Three 
specimens  of  diatoms.     42215. 

Thomas,  Oldfield,  British  Museum 
(Natural  History),  London,  England: 


Thomas,  Oldfield — Continued. 
Two  skeK  tons  of  mammals  (41559);  3 
mice  representing  the  species  Evolomtfs 
sfiomerentfiHf   from   Wales    (42374);    13 
mammals  (42402). 

Thompson,  Mij^s  F.  L.,  Washington, D. C. : 
Patch-work  l)ed  quilt  (loan).     9312. 

Thompson,  Dr.  J.  C,  U.  S.  Navy,  Bre- 
merton, Wash.:  Fishes  collected  off 
the  coast  of  New  England  (41468) ; 
fishes  from  Santa  Rosa,  Cal.  (41649); 
2  specimens  of  Pipefish,  SiphoMoma 
albirostrisy  from  the  Dry  Tortftgas,  Flor- 
ida (41843);  specimen  of  PeromyttcuSj 
fishes  and  a  hermit  crab  (42016);  Cole- 
optera  (42019). 

Thompson,  Dr.  J.  Ford,  Washington, 
D.  C:  Brain  of  a  white  child.     42465. 

Thorworth,  Miss  Estella,  U.  S.  National 
Museum:  Specimen  of  Ritm  hradeata 
from  Virginia.    41556. 

Thurow,  F.  W.,  Harvester,  Tex.:  Thirty- 
five  plants  from  Texas.     41936. 

TiNDALL,  Dr.  D.  W.,  Taylor,  Mo.:  Speci- 
men of  "hard-tack"  used  in  the  U.  S. 
Army  during  the  civil  war  ( 1861-1865). 
41783. 

Trrus,  E.  S.  G.,  Department  of  Agricul- 
ture: Received  through  Dr.  L.  O. 
Howard.  Two  hundred  specimens  of 
Lepidoptera  from  Fort  Collins,  C'Olo. 
(41546);  specimen  of  stone-fly  from 
Lawrence,  Kans.  (41804). 

ToNK,  William,  &  Bro.,  New  York  City: 
Two  musical  instruments,  serenatta 
and  solophone.     41243. 

Topping,  D.  Le  Roy,  Manila,  P.  I.:  Sev- 
enteen specimens  of  plants  from  the 
Philippine  Islands.     41409. 

Torres,  Jose  P.,  Agana,  Guam:  Plant 
from  Guam.     41306. 

Townsend-Barber  Taxidermy  and  Zo- 
ological Company,  El  Paso,  Tex. 
Imperial  woodpecker,  Campephilus  tm- 
perialiSf  from  Mexico.  Purchase.  L. 
P.  X.     41520. 

Tracy,  S.  M.,  Biloxi,  Miss.:  Fern  from 
Mississippi  (41908);  3  plants  (41920); 
specimen  of  fern  representing  the  spe- 
cies Trirhomaues  jyetersii  from  Miasis- 
Hippi  (42413) ;  ^epecimenspf 
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Tracy,  S.  M. — Continued, 
from  the  SonthemStates  (42694).    (See 
also  untier  Department  of  Agricuiture. ) 

Traphagbn,  F.  W.,  Grolden,  Colo.:  Nine- 
teen photographs  representing  views 
of  Montana.  41618.  (See  also  under 
State  College,  Bozeman,  Mont. ) 

Trask,  Mrs.  Blanche,  Avalon,  Cal.: 
Specimen  of  I^phragmorpha  intercisa, 
variety  crebristriaia  Newc,  from  San 
Clemente  Island  (gift)  (41602) ;  2  plants 
from  California  (gift)  (42097);  224  plants 
from  California  (purchase)  (42252);  2 
specimens  of  seaweeds  (gift)  (42373);  2 
specimens  of  Lycodina  fungina  Gabh. 
(gift)  (42495);  specimens  of  Cerostoma 
nuUaUi  Conr.,  specimen  of  CaUiostoma 
wpTngTarumi  Spr. ,  from  Catalina  Island 
(gift)  (42662);  8  plants  from  California 
(gift)  (42845). 

Treasury  Department;  Received 
through  Hon.  L.  M.  Shaw,  Secretary. 
Plaster  bust  of  President  Lincoln,  taken 
by  F.  F.  Mills.    42710. 

Trslease,  Prof.  William.  (See  under 
EffieP.  Taylor.) 

True,  Dr.  F.  W.,  U.  S.  National  Museum: 
Specimens  of  marine  worms  and  inver- 
tebrates collected  at  Brooklyn,  Han- 
cock County,  Me.     41530. 

TisucHiOA,  T.,  Misaki,  Miura,  Japan: 
Seventeen  moles  and  rodents  from 
Japan,    Purchase.    42680. 

TuLLocK,  A.  E.,  Hawaii,  Hawaiian  Is- 
lands: Received  through  Department 
of  Agriculture.  Plant  from  the  Hawai- 
ian Islands.    42901. 

TrRCKHEiM,  H.  VON.  (See  under  Capt. 
John  Donnell  Smith.) 

Turner,  C.  S.,  Atlanta,  Ga.:  Water-lxHi- 
tle,  CybiMer  olivtri  Cr.     41743. 

TiRNER,  (tborge,  U.  S.  National  Museum: 
Fourteen  pearls  taken  from  a  shell  of 
^Wrw  virffinica,     42394. 

TiTRNBR,  Mrs.  S.  E.,  North  Chesapeake 
Beach,  Md.:  Two  spoons  made  from 
the  horns  of  Rocky  Mountain  sheep; 
spoon  made  from  the  horn  of  a  Rocky 
Mountain  goat;  carved  horn  of  a  cow, 
and  an  Eskimo  waterproof  shirt  Pur- 
chase.   L.P.  X.    41373. 


TusHOPF,  Dr.  Vladimir,  Petropaulovsk, 
Kamchatka:  Five  salamandere  from 
Kamchatka.     41405. 

TuTTLE,  Miss  C.  M.,  University  of  Vir- 
ginia, Charlottsville,  Va.:  Two  unfin- 
ished coiled  baskets  in  rafia.    41255. 

Uhler,  Prof.  P.  R.,  Peabody  Library, 
Baltimore,  Md. :  Two  beetles  from  Ja- 
maica.   41933. 

Ulbricht,  R.  E.,  New  York  City:  Mex- 
ican idol  car^'ed  in  serpentine.  Pur- 
chase.    L.  P.  X.     41871. 

Ulrich,  E.  O.,  U.  S.  Geological  Survey: 
Remainder  of  Ulrich  collection,  con- 
sisting of  mollusks  and  miscellaneous 
material  represented  by  about  500  type 
lots  and  upward  of  15,000  specimens. 
Purchase.     42804. 

Umbach,  L.  M.,  Northwestern  Collie, 
Naperville,  111.:  Four  specimens  of 
Ixiciniaria  scariosa.     43556. 

Underwood,  L.  M.  (See  under  New 
York  Botanical  Garden. ) 

Unger.  C.  W.,  Pottsville,  Pa.:  Fossil 
plants  from  the  upper  anthracite  series 
of  the  Carboniferous  at  various  localities 
near  Pottsville.     42672. 

United  States  National  Museum:  The 
following  models  were  made  in  the 
Anthropological  Laboratory:  Cast  of 
feathered  serpent  (41374) ;  cast  of  coiled 
feathered  serpent  (41375);  cast  of 
carved  slate  box  (41376);  cast  of  pot- 
tery vase  from  Brazil  (41377);  cast  of 
bird  god  (41417);  cast  of  pottery  vase 
(41418);  Indian  drums  and  sticks, 
Indian  flutes,  horn  rattles,  notched 
rattles,  and  blades  for  rattles  (41427); 
cast  of  jade  carving,  cast  of  painted 
vase,  t«8t  of  jade  carving,  and  cast  of 
wood  carving  (41548);  3  sets  (16  each) 
of  models  of  oriental  seals  (41673); 
plaster  cast  of  Zem^  idol  (41789);  cast 
of  stone  pestle,  casts  of  Zem6  idols,  and 
cast  of  a  pottery  vase  (41790) ;  cast  of  a* 
large  painted  vase  (41853);  4  plaster 
casts  of  a  carved  stool  and  8  plaster  casts 
of  stone  collars  (41866);  4  plaster  casts 
of  Mexican  stone  yoke;  8  plaster  casts  of 
a  stone  collar  (41869) ;  plaster  casts  of 
15  stone  implements  (42004);  woodm 
model  of  a  war  clu^^i^^^^ai;  J^U»k<l-C 
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U.  S.  National  Museum — Continued, 
tographic  copies  of  Japanese  music 
(42058);  plaster  casts  of  carved  stone 
Zem^,  stone  pestles,  pottery  vase,  stone 
Zem^,  stone  polisher,  and  stone  imple- 
ment (42079);  miniature  model  of  a 
whale  (42080);  casts  of  stone  slab, 
Zem^s,  sculptured  stone,  and  vase 
(42162) ;  casts  of  Indians  for  collections 
in  physical  anthropology  (42191);  neg- 
atives taken  for  racial  measurements 
(42203);  three-tongued  jew*s-harp 
(42295);  5  models  of  Yucatan  temples 
(42311);  2  models  of  wooden  three- 
pronged  jewVharp  (42312);  models 
of  implements  from  Alaska,  2  rattles 
and  5  small  models  of  fin-back  whales 
(42313);  15  casts  of  Mexican  and 
Central  American  pottery  (42325);  4 
copies  of  Alaskan  religious  implements 
(42375);  cast  of  vase  from  Central 
America  and  cast  of  a  figure  from  Mex- 
ico (42387);  cast  of  pottery  vase  and  4 
casts  of  pottery  bowls  (42425);  model 
of  AJaakftn  drum  and  a  model  of  a 
Zufii  snake  (42432);  cast  of  William 
Snow,  a  Seneca  Indian  (42443);  4  casts 
of  bowls  and  3  casts  of  collars  (42457); 
casts  of  collar,  animals,  metate,  and 
bowls  (42462);  2  casts  of  a  spearhead 
from  Oatka  Island  (424d9);  cast  of 
carved  bowl  (42479);  wooden  mask 
and  a  carved  stone  mask  (42508) ;  cast 
of  jade  pendant  and  casts  of  th rowing- 
sticks  (42532);  model  of  Haida  mask 
(42535) ;  series  of  fire-making  apparatus 
(42559);  7  casts  of  stone  pipes  (42568) ; 
{"A»t  of  carved  stone  amulet,  cast  of 
dish,  and  cast  of  a  swallowing  stick 
(42595);  2  models  of  musical  instru- 
ments (42615);  cast  of  a  spearhead, 
cast  of  a  flint  dagger,  cast  of  drilled 
ax,  casts  of  flint  hatchets,  and  cast  of 
a  flint  chisel  (42626);  cast  of  stone 
implement  (42644);  Sioux  cradle  and 
child  (42791);  5  arc  electric  lamps  of 
()l)8olete  pattern  (42825). 

Trbina,  Dr.  Manuel,  National  Museum, 
City  of  Mexico,  Mexico:  Two  plant** 
from  Mexico.     41810. 

Valentink,  F.  B.,  Ridgely,  W.  Va. : 
Seven  flint  implement*!.  Exchange. 
42899. 


Vallette,  CD., Chicago,  III.:  Specimen 
of  Lace- winged  fly,  Chrysopa  tabidn 
Fitch.     41504. 

Van  Inoen  &  Van  Inobn,  Ootocamund, 
India:  Two  Indian  ungulates  (Axis 
deer  and  Sam  bur  stag)  (purchase)  (L. 
P.  X.)  (41644);  4  Indian  ungulates 
(purchase)  (42262). 

Vassilief,  Ivan,  Bureau  of  Entomology, 
St.  Petersburg,  Russia:  Twelve  hymen- 
opterous  insects.     41736. 

VAiT(mAN,  T.  Wayland.  (See  under 
Interior  Department,  U.  S.  Geological 
Survey. ) 

Vienna,  Austria,  First  Zoological  In- 
stititte  op  the  imperial  university: 
Received  through  Dr.  F.  Werner. 
Fishes  and  reptiles  from  North  Africa, 
Asia  Minor,  and  other  localities.  Ex- 
change.   42685. 

Vienna,  Austria,  K.  K.  Naturhistor- 
I8CHES  HoFMusEUM,  received  through 
Dr.  Theodore  Fuchs:  Unassorted  bryo- 
zoans  and  ostracods  from  18  localities 
in  Europe,  of  the  Mesozoic  and  Tertiary 
age  (42118);  107  specimens  of  fungi 
from  Europe  (42853).     Exchange. 

ViERECK,  H.  L.,  Academy  of  Natural 
Sciences,  Philadelphia,  Pa.:  Specimen 
of  Odontophotopsis  exogyrua  Viereck 
(paratype).     Exchange.     41663. 

Vroman,  a.  C,  Pasadena,  Cal. :  One  hun 
dred  and  sixteen  photographs  of  Cali- 
fornia missions,  and  a  book  of  ''Mission 
memories."    42577. 

Walcott,  Benjamin  S.,  Washington,  D.C.  : 
Received  through  Hon.  C.  D.  Walcott: 
Specimens  of  Devonian  fossils  from 
near  Canandaigua,  N.  Y.  Exchange. 
41691. 

Walcott,  Hon.  Charles  D.  (See  under 
Benjamin  S.  Walcott. ) 

Walker,  B.  E.,  Canadian  Bank  of  Com- 
merce, Toronto,  Ontario,  C^ada:  Seven 
specimens  of  CallocystiteSt  19  specimens 
of  Caryocrinns  omaiuSf  and  1  spetnmen 
of  Cfvlocystia.     Exchange.     42729. 

.Walker,  Bryant,  Detroit, Mich. :  Twenty 
specimens  of  fresh-water  shells,  includ- 
ing 3  cot y pes  of  JAoplax  piUbryi  Wal- 
ker.    42754.  ^  T 
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Walker,  G.,  Furman,  S.  C. :  Pedipalp,  or 
Pfeeudoecorpion,  Chdifer  muriatus  Say. 
41670. 

Walpole,  W.  a.,  Gorda,  Cal.:  Ten  epeci- 
mens  of  living  plants  from  California. 
42473. 

War  Department:  Received  through 
Brig.  Gen.  William  Crozier,  Chief  of 
Ordnance  Department:  Large  and  com- 
prehensive collection  of  muskets,  rifles, 
pistols,  bayonets,  and  parts  of  small 
arms,  various  implements  used  in  the 
U.  8.  Army  for  entrenching  purposes, 
relics  of  the  civil  war,  swords  used 
by  European  and  American  armies, 
and  Indian  objects  (41356) ;  received 
through  the  Bureau  of  Insular  Affairs, 
358  scarf  pins,  3  Philippine  flags,  154 
buttons  with  head  of  Aguinaldo,  5  me- 
dallions, 3  pairs  of  cuff  buttons,  2  scarf 
pins,  and  2  breastpins  for  ladies  (41398) ; 
received  through  the  OflBce  of  the  Adju- 
tant-General, section  of  the  original 
Fort  Sumter  flagstaff  (41807);  received 
through  Surg.  Gen.  R.  M.  O'Reilly,  col- 
lection of  articulated  skeletons,  skulls, 
pelvis  bones,  brains,  and  instruments 
of  measurement  (42109);  through  the 
Bureau  of  Ordnance,  collection  of  small 
arms  and  parts  of  same,  models  of  pro- 
jectiles, arms,  etc.,  hand  and  leg  shack- 
les, keys,  and  bags  (42272);  received 
through  Capt  G.  W.  Baird,  U.  S.  Navy, 
Krupp  gun  and  carriage  captured  at 
Pekin,  China,  and  a  mahogany  gun 
carriage  captured  in  Cuba  (42298); 
through  Army  Medical  Museum,  Dr. 
R.  M.  O'Reilly,  small  antique  vase,  2 
fragments  of  antique  vases,  gold  seal 
ring,  small  pottery  ring,  and  a  Roman 
bronze  coin  (42423);  through  (Jen. 
A.  W.  Greely,  Ferguson  breech-loading 
rifle  with  bayonet,  belonging  to  Gren. 
John  Watts  de  Peyster  (loan  and  re- 
turned) (42810).  Deposit.  (See  also 
under  Brig.  Gen.  W.  H.  Carter.) 

Ward,  H.  A.,  Rochester,  N.  Y.:  Large 
mass  of  amethystine  quartz  (42254); 
lai^  slab  of  meteoric  iron  from  Muke- 
rop,Africa(41880).   Purchase.   L.P.X. 

Ward,  PtoL  Lester  F.,  U.  8.  Geological 
Survey,  Washington,  D.  C:  Three 
plants.    42100. 


Ward,  Rowland,  London,  England. 
Hippo|x>tamus  (42639);  skin  and  skull 
of  Cminockwtes  gnu  (42719).  Purchase. 
L.  P.  X. 

Ward's  Natural  Science  Establish- 
ment, Rochester,  N.  Y.:  Three  hun- 
dred gram  section  of  Franceville  me- 
teorite (purchase)  L.  P.  X.  (41472); 
monkey  skin  and  skull  (purchase) 
(41906) ;  specimen  of  agate  from  Brazil 
(purchase)  L.  P.  X.  (42026);  skin  of 
White  egret,  skins  of  Magpie  lark,  nest 
of  Guacharo  bird  and  nest  of  Magpie 
lark  (purchase)  L.  P.  X.  (42177);  skms 
of  Brush  turkey,  Leipoa  oceUata  (pur- 
chase) (42196);  specimen  of  pyromor- 
phite  and  5  specimens  of  alexandrite 
(purchase)  L.  P.  X.  (42095);  skeleton 
of  a  monkey  (purchase)  (42524);  44 
specimens  consisting  principally  of 
Indo-Pacific  marine  shells  (purchase) 
(42929). 

Warfield,  Dr.  W.  A.,  Washington,  D.  C. : 
Foetus.    41689. 

Warner,  W.  V.,  U.  S.  National  Museum. 
Six  sulphur  matches  manufactured  at 
Cuyahoga  Falls,  Ohio,  in  1835  (42237); 
120  specimens  of  miscellaneous  insects 
from  the  District  of  Columbia  and  vi- 
cinity (42619) .  ( See  also  under  Wash- 
ington Biologists'  Field  Club) . 

Washington  Agricultural  College, 
Pullman,  Wash.  Received  through 
Prof.  C.  V.  Piper.  Thirty-eight  types 
and  36  cotypes:  also  29  specimens  of 
Tipulidae.    41765. 

Washington  Asylum  Hospital,  Wash- 
ington, D.  C:  Brain  of  a  colored 
woman.    41639. 

Washington  Biologists  Field  Club 
(through  E.  A.  Schwarz,  H.  S.  Barber, 
August  Busck,  Rolla  P.  Currie,  H.  G. 
Dyar,  and  W.  V.  Warner) :  Three  thou- 
sand, four  hundred  and  three  insects 
of  all  orders  from  Plummers  Island, 
Maryland,  captured  during  the  season 
of  1903.     42620. 

Washington,  Charles,  TJ.  S.  National 
Museum:  Snake  {Diadophis  puncUUuSt 
from  Berwyn,  Md.  (41482);  shrew 
(Blanna  brevicaudam)lS9)^QQg\Q 
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Watkins,  Estate  of  J.  E.  Received 
through  Mrs.  J.  E.  Watkins,  Wash- 
inj^ton,  I).  C:  United  States  flag  used 
on  the  locomotive  "John  Bull." 
41697. 

Webb,  J.  C,  Esprey,  Fla.:  Snake  (Dia- 
dophiM  punctalua)  from  Florida.     41469. 

Webber,  H.  J.  (See  under  Mrs.  T.  A. 
Williams.) 

Weedox,  W.  C,  U.  S.  National  Museum: 
Specimen  of  Black-throated  blue  warb- 
ler, Dendroica  cwndescens.    42817. 

Weinberg,  Frank,  Woodside,  L.  I.: 
Eight  plants.     42902. 

Weldon,  W.  F.  R.  (See  under  Oxford, 
Museum  of  the  University  of. ) 

Wellauer,  Emil,  Washington,  D.  C: 
Model  of  the  Morse  telegraph  instru- 
ment of  1844  (41567);  5  models  of  pro- 
pellers (42362) ;  model  of  John  Stevens* 
propeller  of  1 804  ( 42363 ) .     Purchase. 

Weller,  Prof.  Stuart,  University  of  Chi- 
cago, 111.:  Twenty  species  of  fossils 
from  the  Decker  Ferry  and  other  for- 
mations of  New  Jersey.  Exchange. 
42580. 

Wellman,  E.  S.,  Naples,  Me.:  Specimen 
of  garnetiferous  mica  schist  from 
Cumberland  County,  Me.     41619. 

Wells,  William,  I^as  Vegas,  N.  Mex. : 
Three  specimens  of  sandstone.     42447. 

Werner,  Dr.  Franz,  First  Zoological  In- 
stitute, Imperial  University,  Vienna, 
Austria:  Two  lizards  from  Europe. 
Exchange.  41590.  (See  also  under 
Vienna,  Austria. ) 

Western  New  York  Institution  for 
Deaf  Mutes,  Rochester,  N.  Y. :  Speci- 
mens of  Rochester  shales  bryozoans. 
Loan.     42460. 

Wharton,  J.  R.,  Butte,  Mont.:  Large 
crystal  of  smoky  quartz.     41625. 

Wheaton,  Mrs.  M.  B.,  Washington,  D.C.: 
Photograph  of  oil  painting  of  Gen. 
Alex.  Macomb,  U.  S.  Army;  framed 
photographs  of  Maj.  Gen.  John  Sedg- 
wick, V .  S.  Army,  and  a  sash  worn  by 
him  during  the  civil  war.  Loan.  8887. 
(See  also  under  Mrs.  F.  C,  d'Hautville. ) 


Wheeler,  C.  F.,  Department  of  Agricul- 
ture, Washington,  D.  C. :  Specimen  of 
Quercus  heierophylUi  from  the  District 
of  Columbia  (41669);  plant  (41666); 
plants  from  the  District  of  Columbia 
(41733,  41845). 

Wheeler,  J.,  Washington,  D.  C:  Plant 
fropn  Maryland  collected  by  F.  H.  Hill- 
man.     41758. 

White,  David,  U.  S.  Geological  Sur- 
vey. Received  through  the  Survey: 
Two  plants  from  Virginia  (41541); 
specimen  of  fire  clay  from  Clay  mine, 
Hammond,  W.  Va.  (41768).  (See  also 
under  Frederic  Brown;  James  Camp- 
bell; H.  M.  Lane;  S.  W.  McCallie.) 

Wickham,  Prof.  H.  F.,  Iowa  City,  Iowa: 
Specimens  of  parasitic  Hymenoptera, 
41898 

Wilcox,  Dr.  G.  B.,  Fort  Stanton,  N.  Mex. 
Received  through  Department  of  Agri- 
culture: Plant  from  New  Mexico. 
42784. 

Wilcox,  Brig.  Gen.  T.  E.,  U.  S.  Army 
(Retired).  Received  through  Depart- 
ment of  Agriculture:  Two  specimens  of 
Amrum  caudatum  from  Vancouver, 
Wash.  (41769).  (See  also  under  D. 
McLean. ) 

Williams,  A.,  Berry ville,  Va.:  Tower 
musket.     (Loan.)     9475  (Returned). 

Williams,  Gardner  F.  (See  under  De 
Beers  Consolidated  Mines,  Kimberly, 
South  Africa. ) 

Williams,  R.  W.,  jr..  Biological  Survey, 
Department  of  Agriculture,  Washing- 
ton, D.  C. :  Specimen  of  Vermilion  fly- 
catcher, Pyrocephalus  rubineus  mexica- 
nuSf  from  Florida.     41795. 

Williams,  Mrs.  T.  A.  Received  through 
H.  J.  Webber,  Department  of  Agricul- 
ture: Fifteen  thousand  plants  belong- 
ing to  the  late  T.  A.  Williams.     41337. 

Williamson,  Prof.  E.  B.,  Bluff  ton,  Ind. : 
Three  specimens  of  insects  (41755); 
received  through  Rolla  P.  Currie,  70 
specimens  of  North  American  dragon- 
flies  (42210).  (See  also  under  Homer 
Kapp.) 
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Willi MOTT,  G.  W.,  Ottawa,  Canada:  Speo 
iniens  of  Canadian  minerals.     42859. 

WiLus,  Richard,  Olga,  Wash.:  Crabs, 
shrimps,  and  a  nudibranch  mollusk. 
41969. 

WiLLiOToN,  Prof.  8.  W.,  and  E.  B.  Bran- 
son, University  of  Chicago,  Chicago, 
111.:  Large  specimen  of  Inoceramus  sp. 
from  the  chalk  formation  near  Monu- 
ment Rocks,  Logan  County,  Kans. 
41940. 

WiLLOCGHBY,  Prof.  C.  C.  (See  under 
Peabody  Museum,  Boston,  Mass. ) 

WiLMBR,  Col.  L.  Worth iNGTON,  Ryde, 
Isle  of  Wight,  England:  Specimens  of 
miscellaneous  shells  from  various  lo- 
calities and  Cretaceous  fossils  from  the 
"Perma  bed'*  at  Ryde  (41965);  50 
specimens  of  Mesozoic  fossils  from  the 
Isle  of  Wight  (42796). 

Wilson,  F.  H.,  Brunswick,  Me.:  Speci- 
men of  glassy  quartz  from  a  quarry  at 
Topeham,  Me.     L.  P.  X.    41995. 

Wilson,  Miss  G.  R.,  Fort  George,  Fla.: 
Holothurian  representing  the  species 
Tkyone  hriarexu.     42519. 

Wilson,  J.  Frank,  U.  S.  National  Mu- 
seum: Archeological  collections  of  the 
late  Thomas  WMlson,  numbering  19,334 
specimens.     Purchase.    42207. 

WiNDLB,  Francis,  Westchester,  Pa.: 
Plants  from  Pennsylvania  (42555; 
42742). 

WisB,  IsADORB,  Green  River,  Utah:  Re- 
ceived through  Prof.  F.  W.  Clarke. 
Specimen  of  dark  sandstone  with  car- 
notite  from  San  Rafael  swell,  Utah. 
42490. 

Witt,  George  C,  Austin,  Tex.:  Two 
specimens  of  Nyctinomus.     42344. 

Wood,  Frank  W.,  Crimora,Va. :  Received 
through  W.  C.  Phalen.  Stalactitio 
psilomelane  from  Virginia.    42575. 

Wood,  N.  R.,  U.  S.  National  Museum: 
Specimens  of  Mus  musculus  (41926; 
42102;  42077);  6  eggs  of  Gallus  gallus 
(42347). 

WoodendCcjrio  Company,  Denver,  Colo. : 
Ten  specimens  of  minerals.  Purchase. 
L.P.  X.    41633. 


WooDGATE,  John,  Fort  Wingate,  N.  Mex. : 
Two  plants  from  New  Mexico.     41270. 

WooTON,  Prof.  E.  O.,  Mesilla  Park,  N. 
Mex.:  Bat  {Kuderma)  from  Mesilla 
Park  (41592) ;  4  plants  from  New  Mex- 
ico (42085). 

WoRCBBTER,  Prof.  Dean  C.  (See  under 
Philippine  Museum,  Manila,  P.  1. 

Worth,  S.  G.  (See  under  Department  of 
Commerce  and  Labor,  Bureau  of  Fish- 
eries.) 

WoRTHEN,  C.  K.,  Warsaw,  III.:  Eleven 
birds'  skins,  principally  Birds  of  Para- 
dise (purchase)  (41310);  skin  of  Asira- 
pia  splendidimma  (purchase)  L.  P.  X. 
(41311);  Florida  crocodile  (purchase) 
(41364);  3  birds'  skins  (purchase)  L.  P. 
X.  (42105);  skin  of  Lycocorax  obiensis 
(purchase)  (42127). 

Wren,  Christopher,  Plymouth,  Pa.:  Six 
sandstone  disks  from  Luzerne  County, 
Pa.    41994. 

Yakovlefp,  Herr  Nikolai,  Institute  of 
Mines,  St.  Petersburg,  Russia:  Two  wax 
casts  of  the  hinge  of  a  supposed  new 
genus  of  Crassatellitidpe  from  Russia. 
41967. 

Yale  University  Museum,  New  Haven, 
Conn.:  Receive<i  through  Dr.  C.  E. 
Beecher.  Specimen  of  hypotype  and 
ten  fragments  of  Romingeria  umbellifera; 
5  opercula  of  Maclurea  lozani^  and  580 
specimens  of  Hamilton  formation  bra- 
chioiHxls  from  Canandaigua  Lake,  New 
York.     42129. 

Young,  R.  T.  (no  address  given):  Cone 
from  France.     42302. 

Zelbdon,  Josfe  Antonio,  Washington,  D. 
C:  Bow  and  12  arrows  from  Costa 
Rica.    42721. 

Zeledon,  Jos^.  C,  San  Jos^*,  Costa  Rica: 
Spet'iinen  of  salamander  (  Oedipina  uni- 
/arjnw, and  a  leech  ( Bipalmm  keivenaeC^) 
Mos).     41718. 

Zell,  Lucian  M.  (See  under  American 
Gem  and  Pearl  Company. ) 

ZoLLER,  William  Norris,  Aquiree,  Cen- 
tral Porto  Rico:  Receive<i  through 
Smithsonian  Institution,  Bureau  of 
American  Ethnology.  Two  stone  idols 
and  a  broken  bowl.  '  42914.  "^^^^^^T^ 
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ZoLLiKOFER,  E.  H.,  St.  Gallen,  Switzer- 
land: Small  mammals  from  Switzer- 
land.    42642. 

ZooLociiCAL  Museum  of  the  University 
OF  Copenhagen.  (See  under  Copen- 
hagen, Denmark.) 


ZucK,  Dr.  F.  M.,  Holbrook,  Ariz.:  Re- 
ceived through  Dr.  Walter  Hough. 
Breech-loading  Springfield  rifle  an<i 
bayonet,  issued  by  order  of  (leneral 
Miles  to  arm  the  settlers  of  Arizona 
during  the  Geronimo  outbreak,  and 
three  cartridges.    42497. 
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publications  of  the  museum. 

AKHXJAL  BEPORT. 


Annoal  Report  |  of  the  |  Board  of  Re- 
gents I  of  the  I  Smithsonian  Institu- 
tion, I  showing  the  operations,  ex- 
penditures, and  condition  of  |  the  In- 
stitution I  for  the  I  year  ending  June 
30,  1901.  I  Report  |  of  the  |  U.  S.  Na- 
tional Museum.  [Seal]  Washington:  | 
Government  Printing  Office.  |  1903. 

8vo.,  pp.  I-XVI,  1-432,  pl8. 208,  text  figs.  23. 


Annual  Report  |  of  the  |  Board  of  Re- 
gents I  of  the  I  Smithsonian  Institu- 
tion, I  showing  the  operations,  ex- 
penditures, and  condition  of  |  the  In- 
stitution I  for  the  I  year  ending  June 
30,  1902.  I  Report  I  of  the  |  U.  S.  Na- 
tional Museum.  [Seal]  Washington:  | 
Government  Printing  Office.  |  1904. 


8vo.,  pp.  I-XXIV,  1-784,  pis.  261,  text  figs. 
409. 


PROCEEDINGS. 


Smithsonian  Institution.  |  United  States 
National  Museum.  |  —  |  Proceedings  | 
of  the  I  United  States  National  Mu- 
seum. I  —  I  Volume  XXV.  |  —  |  Pub- 
lished under  the  direction  of  the  Smith- 
sonian Institution.  [Seal]  Washington: 
Government  Printing  Office.  |  1903.  | 

8vo..  pp.  I-XIV,  1-1021,  pis.  1-32,  text  figs. 
144. 

Smithsonian  Institution.  |  United  States 
National  Museum.  |  —  |  Proceedings  | 
of  the  I  United  States  National  Museum. 
I  —  I  Volume  XXVI.  |  —  |  Published 


under  the  direction  of  the  Smithsonian 
Institution.  [Seal]  Washington:  Gov- 
ernment Printing  Office.  |  1903.  | 

8vo.,  pp.  I-XV,  1-105S,  pis.  1-69,  text  figs. 
194. 

Smithsonian  Institution.  |  United  States 
National  Museum.  |  —  |  Proceedings  | 
of  the  I  United  States  National  Museum. 
I  —  I  Volume   XXVII.   |  —  |  Pul - 
lished  under  the  direction  of  the  Smith- 
sonian Institution.  [Seal]  Washington : 
Government  Printing  Office.  |  1904.  | 
8vo.,  pp.  I-XVII,  1-998,  pis.  1-50,  text  figs. 
279. 


SPECIAL  BULLETnr. 


Smithsonian  Institution.  |  United  States 
National  Museum.  |  —  |  Special  Bulle- 
tin. I  —  I  American  Hydroids.   |  —  | 
Part  II.  I  TheSertularida?,  |  with  forty- 
one  plates.  I  By  |  Charles  Cleveland 


Nutting,  I  Professorof  Zoology,  Univer- 
sity of  Iowa.  I  —  I  Washington:  |  Gov- 
ernment Printing  Office.  |  1904. 

Special  Bulklin  V.  S.  Nat.  Mus.,  No.  4  (Part 
II),  4to..  pp.  I,  II,  1-325,  pis.  1-41.  lJi9  figs. 


PAFEB8  PTTBLISHED  IK  SEPARATE  FORM. 

FROM   THE   RKPORT   FOR    1901. 


Report  upon  the  condition  and  progress 
of  the  U.  S.  National  Museum  during 
the  year  ending  June  30,  1901.  By 
Richard  Rathbun.     pp.  1-174. 

Report  on  the  Department  of  Anthropol- 
ogy for  the  year  1900-1901.  By  Wil- 
liam U.  Holmes,    pp.  51-61. 


I  Report  on  the  Department  of  Biology  for 
the  year  1900-1901.     By  Frederick  W. 

'      True.     pp.  63-80. 

j  Report  on  the  Department  of  Geology  for 
the  year   1900-1901.     By    George    P. 

I       Merrill,     pp.  81-91. 

I  Report  on  the  exhibit  of   th^eJlTnit 
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States  National  Museum  at  the  Pan- 
American  Exposition,  Buffalo,  New 
York,  1901.  By  Frederick  W.  True, 
William  H.  Holmes,  and  George  P. 
Merrill,     pp.  177-231,  pis.  1-72. 

Flint  implements  and  fossil  remains  from 
a  sulphur  spring  at  Afton,  Indian  Ter- 
ritory. By  William  Henry  Holmes, 
pp.  2^3-252,  pis.  i-26. 

Classification  and  arrangement  of  the  ex- 


hibits of  an  anthropological  museum. 
By  William  Henry  Holmes,  pp.  253- 
278,  pi.  1. 

Archeological  field  work  in  northeastern 
Arizona.  The  Museum-Gates  Expedi- 
tion of  1901.  By  Walter  Hough,  pp. 
279-358,  pis.  1-101. 

Narrative  of  a  visit  to  the  Indian  tribes  of 
the  Purus  River,  Brazil.  By  Joseph 
Beal  Steere.     pp.  359-393,  pis.  1-9. 


PROM   THK   REPORT   POR    1902. 


Report  upon  the  condition  and  progress 
of  the  U.  S.  National  Museum  during 
the  year  ending  June  30,  1902.  By 
Richard  Rathbun.     pp.  1-168. 

Report  on  the  Department  of  Anthropol- 
ogy for  the  year  1901-1902.  By  Wil- 
liam H.  Holmes,     pp.  53-58. 

Report  on  the  Department  of  Biology  for 
t'.e  year  1901-1902.  By  Frederick  W. 
True.     pp.  59-76. 

Report  on  the  Department  of  Geology  for 


the  year  1901-1902.  By  George  P. 
Merrill,  pp.  77-84. 
Aboriginal  American  Basketry:  Studies 
in  a  textile  art  without  machinery. 
By  Otis  Tufton  Mason,  pp.  171-548, 
pis.  1-248. 

The  Herpetology    of    Porto    Rico.     By 

Leonhard  Stejneger.     pp.  549-724,  figs. 

1-197. 
Wokas:  A  primitive  food  of  the  Klamath 

Indians.    By  Frederick  Vernon  Coville. 

pp.  725-739,  pis.  1-13. 


PROM    VOLUME  26,  PROCEEI)IN(J8  OP  THE   U.  8.  NATIONAL   MUSEUM. 


No.  1333.  Notes  on  Orthoptera  from  Colo- 
rado, New  Mexico,  Arizona, 
and  Texas,  with  descrip- 
tions of  new  species.  By 
Andrew  Nelson  Caudell. 
pp.  775-809,  pi.  Lv. 

No.  1334.  A  review  of  the  Gyprinoid 
fishes  of  Japan.  By  David 
Starr  Jordan  and  Henry  W. 
Fowler,  pp.  811-862,  figs. 
1-8. 

No.  1335.  The  Phasmidte,  or  Walking- 
sticks  of  the  Ignited  States. 
By  Andrew  Nelson  Caudell. 
pp.  863-885,  pis.  LVi-Lix. 

N(^.  1336.  Description  of  an  extinct  mink     Xo.  1341. 
from  the  shell  heaps  of  the  i 
Maine    coast.     By    Daniel 
Webster  Prentiss,     pp.  887, 
888,  fig.  1. 

No.  1337.  Revision  of  the  Crustacea  of  i 
the  genus  Lepidopa.  By  j 
James  E.  Benedict.  pp.  I 
889-895,  figs.  1-8.  \ 


No.  1338.  A  review  of  the  Siluroid  fishes 
or  catfishes  of  Japan.  By 
David  Starr  Jordan  and 
Henry  W.  Fowler.  pp. 
897-911,  figs.  1,2. 

No.  1339.  Notice  of  a  collection  of  fishes 
made  by  H.  H.  Brimley  in 
Cane  River  and  Boilings 
Creek,  North  Carolina,  with 
a  description  of  a  new  spe- 
cies of  Nolropis  {N.  brimleyi). 
pp.  913,914. 

No.  1340.  On  the  relations  of  the  fishee 
of  the  family  Lampridida^  or 
Ophas.  By  Theodore  Gill, 
pp.  915-924,  figs.  1-3. 
Amphipoda  from  Costa  Rica. 
By  Rev.  Thomas  R.  R.  Steb- 
bing.     pp.  925-931,  pis.  lx, 

LXI. 

No.  1342.  Synopsis  of  the  family  Astar- 
tidae,  with  a  review  of  the 
American  species.  By  Wil- 
liam H.  Dall.     pp.  933-951, 

pis.  LXII,  LXU|. 
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No.  1343.  An  Alaskan  Corymorpha-like 
hydroid.  By  Samael  Fes- 
senden  Clarke,  pp.  953-958, 
figs.  1-7. 

No.  1344.  On  some  neglected  genera  of 
fishes.  By  Theodore  Gill, 
pp.  959-962. 

No.  1345.  Notice  of  a  small  collection  of 
fishes,  inclading  a  rare  eel, 
recently  received  from  H. 
Maxwell  Lefroy,  Bridge- 
town, Barbados,  West 
I  ndies.  By  Barton  A.  Bean, 
pp.  963,964,  fig.  1. 

No.  1346.  On  some  fish  genera  of  the  first 
edition  of  Cuvier's  R^gne 
Animal  and  Oken's  Names. 
By  Theodore  Gill.  pp.  965- 
967. 


No.  1347.  Report  on  the  fresh-water  Oe- 
tracoda  of  the  United  States 
Natipnal  Museum,  including 
a  revision  of  the  subfamilies 
and  genera  of  the  family 
Cyprididse.  By  Richard  W. 
Sharpe.     pp.  969-1001,  pis. 

LXIV — LXIX. 

No.  1348.  A  review  of  the  fishes  of  Japan 
belonging  to  the  family 
Hexagrammidte.  By  David 
Starr  Jordan  and  Edwin 
Chapin  Starks.  pji.  1003- 
1013,  figs.  1-3. 

No.  1349.  Notes  on  the  fish  genera  named 
MacTodon.  By  Theodore 
Gill.     pp.  1015, 1016. 


FROM    VOLUME  27,  PROCEEDINGS  OF  THE   L'.  8.   NATIONAL   MUSEUM. 


No.  1350.  Contributions  to  the  Natural 
History  of  the  Isopoda.  By 
Harriet  Richardson.  pp. 
1-89,  figs.  1-92. 

No.  1351.  A  review  of  the  Scorpaenoid 
fishes  of  Japan.  By  David 
Starr  Jordan  and  Ed^in 
Chapin  Starks.  pp.  91-175, 
pis.  I,  II,  figs.  1-21. 

No.  1352.  A  revision  of  the  American 
Great  Homed  Owls.  By 
Harry  C.  Oberholser.  pp. 
177-192. 

No.  1353.  A  new  batrachian  and  a  new 
reptile  from  the  Trias  of 
Arizona.  By  Frederic  A. 
Lucas,    pp.  193-195,  pis.  iii, 

IV. 

No.  1354.  A  review  of  the  wrens  of  the 
gienus  Troglodytes,  By  Harry 
C.  Oberholser.  pp.  197-210, 
pi.  V. 

No.  1355.  Report  on  the  fresh- water  Bry- 
ozoa  of  the  United  States. 
By  Charles  B.  Davenport, 
pp.  211-221,  pi.  VI. 

No.  1356.  On  the  species  of  White  Chi- 
msera  from  Japan.  By  David 
Starr  Jordan  and  John  Otter- 
bein  Snyder,  pp.  223-226, 
figs.  1,2. 


No.  1357.  Notes  on  a  Killer  Whale  (genus 
Orcinus)  from  the  coast  of 
Maine.  By  Frederick  W. 
True.     pp.  227-230,  pis.  vii, 

VIII. 

No.  1358.  A  review  of  the  Cottidae  or 
sculpins  found  in  the  waters 
of  Japan.  By  David  Starr 
Jordan  and  Edwin  Chapin 
Starks.  pp.  231-335,  figs. 
1-43. 

No.  1359.  Notes  on  the  bats  collected  by 
William  Palmer  in  Cuba. 
By  Gerrit  S.  Miller,  jr.  pp. 
3:^7-348,  pi.  IX. 

No.  1360.  List  of  Hemiptera-Heteroptera 
of  Las  Vegas  Hot  Springs, 
New  Mexico,  collected  by 
Messrs.  E.  A.  Schwarz  and 
Herbert  S.  Barber.  By 
Philip  R.  Uhler.  pp.  349- 
364. 

No.  1361.  A  revision  of  American  Siphon- 
aptera,  or  fleas,  together 
with  a  complete  list  and 
bibliography  of  the  group. 
By  Carl  F.  Baker,  pp.  365- 
469,  pis.  x-xxvi. 
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No.  1362.  The  Aleyrodids,  or  Mealy- 
winged  fliee,  of  California, 
with  references  to  other 
American  species.  By  Flor- 
ence E.  Bemis.    pp.  471-537, 

pis.  XXVII-XXXVII. 

No.  1363.  Studies  in  Old  World  forficu- 
lids  or  earwigs,  and  blat- 
tids  or  cockroaches.  By 
James  A.  G.  Rehn.  pp. 
639-560. 

No.  1364.  Studied  in  American  mantids  or 
soothsayers.  By  James  A. 
G.  Rehn.     pp.  561-574. 

No.  1365.  A  review  of  the  Japanese  fishes 
of  the  family  of  Agonidse. 
By  David  Starr  Jordan  and 
Edwin  Chapin  Starks.  pp. 
575-599,  figs.  1-13. 

No.  1366.  The  osteology  of  some  Bery- 
coid  fishes.  By  Edwin  Cha- 
pin Starks.  pp.  601-619, 
figs.  1-10. 

No.  1367.  A  new  genus  and  two  new 
species  of  crustaceans  of 
the  family  Albuneidae  from 
the  Pacific  Ocean;  with  re- 
marks on  the  probable  use 
of  the  antennulse  in  Albu- 
nea  and  Ijepidopa.  By 
James  E.  Benedict,  pp.  621- 
625,  figs.  1-5. 

No.  1368.  A  new  species  of  Argulxm^  with 
a  more  complete  account  of 
two  8i)ecies  already  de- 
scribed. By  Charles  Branch 
Wilson,  pp.  627-655,  figs. 
1-38. 

No.  1369.  Contributions  to  the  natural 
history  of  the  Isopoda.  V. — 
Isopod  crustaceans  of  the 
northwest  coast  of  North 
America.  By  Harriet  Rich- 
ardson, pp.  657-681,  figs. 
1-39. 

No.  1370.  Description  of  a  new  African 
Weaver-bird.  By  Harry  C. 
Oberholser.    p.  683. 


No.  1371.  New  Dragon-fiy  nymphs  in 
the  United  States  National 
Museum.  By  James  G. 
Needham.  pp.  685-720,  pis. 
XXXVIIl-XLIV,  figs.  1-11. 

No.  1372.  New  molluscan  genera  from  the 
Carboniferous.  By  George 
H.  Girty.     pp.  721-736,  pis. 

XLV-XLVII. 

No.  1373.  Descriptions  of  two  new  birds 
from  Somali  Land.  By 
Harry  C.  Oberholser.  pp. 
737-739. 

No.  1374.  Two  new  ferns  of  the  genus 
Polypodium^  from  Jamaica. 
By  William  R.  Maxon.  pp. 
741-744. 

No.  1375.  Tineid  moths  from  British  Co- 
lumbia, with  descriptions  of 
new  species.  By  August 
Busck.     pp.  745-778. 

No.  1376.  The  Lepidoptera  of  the  Koote- 
nay  District  of  British  Co- 
lumbia. By  Harrison  G. 
Dyar.     pp.  779-938. 

No.  1377.  Notes  on  collections  of  fishes 
from  Oahu  Island  and  Lay- 
san  Island,  Hawaii,  with 
descriptions  of  four  new  spe- 
cies. By  David  Starr  Jor- 
dan and  John  Otterbein  Sny- 
der,    pp.  939-948. 

No.  1378.  Two  Orthoptera,  hitherto  un- 
recorded, from  the  United 
States.  By  Andrew  Nelson 
Caudell.  pp.  949-952,  figs. 
1-3. 

No.  1379.  A  new  fern,  Goniophiebium 
pringleiy  from  Mexico.  By 
William  R.  Maxon.  pp. 
953-954,  pi.  XLViii,  fig.  1. 

No.  1380.  The  Persimmon  Creek  meteor- 
ite. By  Wirt  Tassin.  pp. 
955-959,  pis.  XLix,  l,  fig.  1. 

No.  1381.  ^Sc^mtcf/tVia,  a  genus  of  Japanese 
sculpins.  By  David  Starr 
Jordan  and  Edwin  Chapin 
Starks.    p.  961. 
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PAPERS  BY  OFFICERS  OF  THE   NATIONAL   MUSEUM   AND   OTHERS,    BASED 
WHOLLY   OR  IN   PART  UPON  THE   NATIONAL  COLLECTIONS. 


AMERICAN  ORNITHOLOGISTS' 
UNION.  (Committee  on  Nomencla- 
ture.) Twelfth  Supplement  to  the 
American  Ornithologists'  Union  Check 
List  of  North  American  Birds. 

Auk,  XX,  No.  3,  July,  1908,  pp.  831-868. 

The  Twelfth  Supplement  to  the  American 

Ornlthologistit'  Union  Check  List  gives  the 

rulings  of  the  committee  on  83  cases.    A  list 

of  deferred  cases  is  also  given. 

ARNOLD,  Ralph.  The  Paleontology 
and  stratigraphy  of  the  marine  Plio- 
cene and  Pleistocene  of  San  Pedro, 
California. 

Mrmoirt  Oal.  Acad.  Sci.,  ill,  1903,  pp.  1-420, 
pis.  I-XXXVII. 

A  review  of  the  paleontology  and  geology 
of  the  beds  in  the  vicinity  of  San  Pedro,  with 
descriptions,  figures,  sections,  and  views  of 
the  locality  and  a  bibliography.  Four  hun- 
dred and  eight  species  are  considered,  of 
which  many  are  new.  The  types  of  new 
species  were  given  to  the  National  Museum, 
so  far  as  ihey  were  controlled  by  Mr.  Arnold, 
and  now  form  part  of  the  collection.  The 
Pjrramidellidse  and  corals  of  this  volume 
were  worked  up  by  Dall  and  Bartsch,  and 
Vaughan,  respectively  (q.  v.).  The  new 
species  described  by  Mr.  Arnold  are  as  fol- 
lows, in  zoological  order: 

Ttrebraialia  tmithi,  Leda  minula  Fabr.  var. 
prxcurtor,  Pecten  (Chlamys)  jordani,  Pecteii 
{Cholmys)  lattaurUtts Con.,  var./ragitts,  Pecten 
{PUigioHenium)  newsomi,  Crattinella  branneri, 
Aligcna  ctrrUetuu,  CaUista  ittbdiaphanH  Cpr. 
var.  pedroana^  SemeU  pulchra  Sby,  var.  mmde- 
rtyi,  Pieurolama  (Borwnta)  bartfchi,  Pteuro- 
iowui  (Bcrmmia)  dalli,  PUitrotoma  (Bortonia) 
Moovert,  Pleuroloma  (LetiCo$yrinx)  pedroana, 
Pfcurotoma  {Genota)  cooper t,  DriUia  johnmni, 
DriUia  mariami,  Drillia  renattdi.  Beta  sancta- 
MonicsF,  Manffit(a {Cythara)  branneri,  Mangilia 
(Manffiha)  hooveri,  Mangilia  {Mangilia)  inter- 
/09»a  var.  pedroana,  Mangilia  (Mangilia) 
oldroydi,  Mangilia  {Mangilia)  painei,  Mangilia 
<  Taranih)  atrongt,  Mangilia  {Spirotropis)8milhi, 
Mitra  (MUromorpha)  inUrmcilia,  Nasta  ccr- 
rUentiM,  Nasta  versicolor  C.  B.  Ad.,  ror.  hooveri, 
OolumbeUa  aoltdula  Rye., var.  prtec»r8or,Colum- 
bella  {AnacAiM)  minima,  OolumbeUa  {,€$optu) 
oldroydt,  Cotumbella  {AmphiMO)  veniricom, 
EupUura  muriaformit  Brod.,  var.  curia, 
Trophon  { Boreotrophon)  cemlemts,  Trophon 
{Boreotrophon)  pedroana,  Trophon  {Boreo- 
trophon) orpheus,  var.  prtecursor,  Ocinebra 
keepi,  Ocindyralurida  Mldd.,  var.  cerritenais, 
BiUtum  itUliamtom,  Palude^rina  enrta,  Pain. 
dcMtrina  tlokeH,  Delphinoidea  coronadocnsis, 
Marganla  optabilis  Cpr.  vart,  Jmechii,  nodosa, 
and  pedroana. 

NAT  MUS  1904 11 


ASHMEAD,  William  H.  Classification 
of  the  fossorial,  predaceous,  and  para- 
sitic wasps,  or  the  superfamily  Vespoi- 
doa.     Paper  No.  15. 

Can.  Ent.,  xxxv,  July,  1908,  pp.  19^205. 
Treats  of  the  family  Myrmocddse,  which  is 
divided  into  three  subfamilies:  (1)  Bradyno- 
beeninee,  (2)  Myrmosinse,  and  (3)  Apterogy- 
ninae.  The  Myrmosina^  are  again  divided 
into  two  tribes,  (1)  Myrmoeini  and  (2)  Chy- 
photini.    In  all  nine  genera  are  tabulated. 

Two  new  phytophagous    Hyme- 

noptera. 

Can.  Ent.,  XXXV,  August,  1903,  p.  233. 
Describes  Xiphydria  erythrogasler  and  Cala- 
meutajohnsoni  from  New  Jersey.  , 

Classification   of    the   gall-wasps 

and  the  parasitic  Cynipoides,  or  the 
superfamily  Cynipoidea.     III. 

Psyche,  x,  August,  1903,  pp.  140-155. 
Treats  of  the  subfamily  Xystlnse  and  part 
of  the  family  Cynipidse.  The  subfamily  Xys- 
tinee  is  divided  into  two  tribes:  (1)  Lobosce- 
lidiini  and  (2)  Xystini.  Eleven  genera  are 
tabulated.  The  family  Cynipidm  is  divided 
into  three  subfamilies:  (1)  Synergina?,  (2) 
Cynipin8e,and  (3)  Ibaliinae.  IntheSynerginffi 
8  genera  are  tabulated,  one.  Synophromorpha,  . 
being  new.  Doctor  Ashmead  subdivides 
the  Cynipinsc,  or  the  true  gall-makers,  into  5 
tribes:  (l)Cynipini,  (2)  Rhoditinl.  (3)  Pedia- 
spidini,  (4)  Aulacini,  and  (5)  Eschatocerini. 
In  the  tribe  Cynipini  32  genera  are  tabulated. 

A   new   Paranomia  from   British 


Columbia. 

Caw.  Ent.  xxxv,  Sept.,  1903,  p.  243. 
Describes  Paranomia  vaiablesii. 

Two   new  hymenopterous   para- 
sites. 

Journ.  iV.  Y.  Ent.  Soc.,  xi,  Sept.,  1903,  No.  3, 
p.  144. 
Describes  Orgilus  kear/otti  and  Protapanleles 
recnrvarix. 

Classification  of  the  gall-wasps  and 

the  parasitic  Cynipoids,  or  the  super- 
family  Cynipoidea.     IV^. 

Psyche,  X,  Oct.,  1903.  pp.  210-216. 
Treats  of  the  tribes  Rhoditinl,  Pedia^'pidjnl 
Aulacini,  and  Eschatocerini;  alj»oof  the  sub- 
family Ibaliinee.  In  all  21  genem  are  tabu- 
lated, one,  Pscudaulax  being  new.  In  an  ad- 
denda a  revised  generic  table  of  the  Onychl- 
inre  Is  given,  in  order  to  include  two  new 
genera  descril>ed  by  Abb6  Kleffer. 

•  Clajj^ification  of  the  fossorial,  pre- 


daceous, and  parasitic  wasps,  or  the 
superfamily  Vespoidea.  (Paper No.  16). 
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ASHMEAD,  William  H.— Continued. 
Can.  Ent.,  xxxv,  Nov.,  1903,  pp.  303-310. 
Treats  of  the  family  Mutillidse,  which  is  di- 
vided into  two  subfamilies,  (1)  Mutillini  and 
(2)  Ephutini.  The  first  subfamily  Is  divided 
into  two  tribes,  (1)  Phtopsldini  and  (2)  Mu- 
tillini. A  generic  table  of  the  PhotopsidinI  Is 
then  given  in  which  17  genera  are  tabulated, 
four  of  which  are  new,  namely,  TUraphotop- 
$is,  Seophotopsis,  Brue9ia,  and  LeucofpUo- 
mutiUa. 

A  new  Ammoplanus. 

Ent.  News,  Xiv,  Nov.,  1903,  p.  295. 
DGSQT\bes  Amnwplanus  cockereUi  from  New 
Mexico. 

Classification  of  the  fossorial,  pre- 

daceous,  and  parasitic  wasps,   or  the 

guperfamily  Vespoidea.  ( PaperNo.  17. ) 

Caw.  EnL,  xxxv,  Dec.,  1903,  pp.  32^-332. 

Treats  of  the  tribe  Mutillini.    In  this  paper 

31  genera  are  tabulated,  11  being  described  as 

new,  viz:  SpilomuliUa,  Viereckia,  Aptcromntilla, 

Dimorphomniilla,  Eiispinolia,  Rado9zkow8kiH9y 

Blakeins,  MyrmecomuUUa,  Peringuq/a,  Pristo- 

mtUiUa,  and  XenomuliUa. 

A  new  joint-worm  parasite  from 

Russia. 

Con.  Ent.,  xxxv,  Dec,  1903.  pp.  332,333. 
Describes  Homoporut  vattUiefi. 

'  Classification  of  the  fossorial,  pre- 


daceous  and  parasitic  wasps,  or  the 
superfamily  Vespoidea.  (Paper  No. 
18 — conclusion.) 

Can.  Ent.  xxxvi,  Jan.,  1904,  pp.  6-9. 
Treats  of  the  subfamily  Ephutinae.  which  is 
divided  into  riro  tribes:  (1)  Ephutini  and  (2) 
Spheerophthalmini.  13  genera  are  tabulated, 
of  which  Ephutopsis,  Pifcnomntilla  and  Jteedia 
are  new. 

Description  of   the  type  of   the 

jjenus  Chirriea  Ashmead. 

Ent.  New.,  xv,  Jan.,  1904,  p.  18. 
Describes  and  figures  Currica  Jasciatipennis 
from  Africa. 

Descriptions  of  four  new  horn-tails. 

Can.  Ent.,  xxxvi.  Mar.,  1904,  pp.  63,  64. 
Describes  Sierex  taxodii,  S.  JUJcei,  Paururus 
ca/(/bmtcus  and  P.  hopkinsi;  also  the  male  of 
P.  pinicola  Ashm. 

■ A  list  of  the  Hymenoptera  of  the 


Philippine  Islands,  with  descriptions  of 
new  species. 

JouTn,  N.  Y.  Ent.  Soc.,  xii.  Mar.,  1904,  pp. 
1-22. 
Records  183  species  of  Hymenoptera  from 
the  Philippines,  two  genera  and  31  species 
being  described  as  new. 

—  A  new  Alysiid  from  Ceylon. 
Ent.  yews,  xv.  Apr..  1904,  p.  113. 
Describes  Asphilota  ceylonica. 


ASHMEAD,  William  H.    Deecriptions 
of  new  Hymenoptera  from  Japan.     1. 
Joum.  N.  Y.  Ent.  Soc.  xii,June,  1904,  pp, 
65-84. 
44  new  species  are  described. 

Classification  of  the  Chalcid  flies^ 

or  the  superfamily  Chalcidoidea,  with 
descriptions  of  new  species  in  the  Car- 
negie Museum,  collected  in  South 
America  by  Herbert  H.  Smith. 

Memoirs  Carnegie  Mnsaim,  I,  1903-4,  No.  4, 
pp.  221-651. 

This  forms  a  large  quarto  volume  of  326 
pages,  with  9  plates,  containing  51  figures. 
It  is  devoted  to  the  classification  of  the  Chal- 
cid flies,  or  the  superfamily  Chalcidoidea.  and 
to  describing  the  new  genera  and  species  In 
the  Carnegie  Museum,  Pittsburg,  Pa.  It  Ir 
based  principally  upon  the  extensive  collec- 
tion of  these  insects  made  by  Mr.  Herbert  H. 
Smith  in  South  America,  although  others  in 
the  U.  S.  National  Museum  are  also  included. 
The  work  is  divided  into  two  parts;  the  first 
part  is  devoted  to  the  classification  of  the 
Chalcid  flies  of  the  world;  the  second  part 
deals  with  the  South  American  Chalcidoidea, 
and  contains,  besides  the  descriptions  of  the 
new  genera  and  species,  a  full  bibliographical 
catalogue  of  all  the  known  species.  Dr.  Ash- 
mead has  been  studying  these  insects  for  over 
25  years  and  he  now  recognizes  and  defines 
14  families,  namely,  .Agaonidse,  Toryraidae, 
Chalcldidse,  Eurjtomidie,  Petilampida;.  Eu- 
charidse,  Miscogasteridai.Cleonymidae,  Encyr- 
tidae,  Pteroraalidfie,  Elasmida^,  Eulopliidse. 
Trichograramidse,  and  Mymaridte.  Each  of 
these  families  is  taken  up  in  order,  fully  de- 
iined  and  discufflcd  and  separated  into  sub- 
faifiilies,  tribes,  and  genera.  Full  tables  for 
the  recognition  of  the  families,  subfamilies, 
tribes,  and  genera  are  given,  and  with  the 
aid  of  these  tables  the  student  should  have 
no  difficulty  in  classifying  his  material  in 
this  great  complex.  In  all  621  genera  are 
recognized  as  valid  and  tabulated.  In  the 
second  part  over  300  new  species  are  described 
from  South  America.  A  full  bibliography  of 
the  genera  terminates  part  first,  in  which  the 
type  of  each  genus  is  specified.  The  last  ten 
pages  (pp.  522-532)  are  devoted  to  the  litera- 
ture on  the  subject,  arranged  in  alphabetical 
order.  This  is  the  first  complete  work  ever 
published  on  these  minute  and  obscure 
Hymenoptera,  and  it  Is  hoped  that  Dr.  Ash- 
mead's  work  will  stimulate  and  facilitate  their 
study. 

Three  new  Ichneumon  flies  from 


Russia. 

Can.  Ent.,  xx.xvi,  1904. 
Describes  Pristoments  tchreineri,  Ttmrlucha 
pluteUtr  and  Epiura  carpocapsae. 

New  generic  names  in  the  Chalci- 
doidea. 
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ASHMEAD,  William  H.—Continued. 
Proc.  Eni.  Soc.  Wash.,  vi,  1904,  p.  126. 
Gives  six  new  names  to  genera  preoccupied 
in  other  departments  of  zoology. 

Remarks  on  honey  bees. 

Proe.  Etit.  Soc.  Wash,  vi,  1904,  pp.  120, 121. 

In  this  paper  Dr.  Ashmead  describes  two  new 

genera,  MegapU  and  Micrapis,  and  arranges 

the  genuine  honey  bees  under  three  genera. 

BAKER,  Carl  F.  A  revision  of  Ameri- 
can Siphonaptera,  or  fleas,  together 
with  a  complete  list  and  bibliography 
of  the  group.  * 

Proc.  r.  S.  Nat.  Af««..  xxvii,  No.  1361,  Feb. 
16,  1901,  pp.  365-469,  pis.  10-26. 

BANGS,  OuTRAM.  Birds  and  mammals 
from  Honduras. 

Bnll.  Mils.  Comp.  Zool.,  xxxix.  No.  6,  July, 
1903,  pp.  141-159. 
Notes  on  a  collection  of  birds  and  mammals 
collected  by  W.  W.  Brown,  jr.,  at  Ceiba  and 
Yaraea,  Honduras.  One  hundred  and  six 
fpecies  of  birds  are  enumerated,  of  which  the 
following  are  described  as  new:  Chloronerpes 
simplex  aOophyeus  (p.  145),  Picumnus  dimotus 
(p.  US) ,  Dendroniis  nana  conftnis  (p.  150),  and 
ArremoHops  conirostris  centratus  (p.  156). 
Notes  are  offered  on  eleven  species  of  mam- 
mals, one  of  which  is  described  as  new,  viz: 
Sigmodon  hispidns/nrvus  (p.  158). 

BANKS,  Nathan.  A  list  of  Arachnida 
from  Haiti,  with  descriptions  of  new 
species. 

Proc.  Acad.  Nat.  Sci.   Phila.,  July,  1903, 
pp.  340-345, 1  plate. 
A  list  of  66  species  from  the  island,  7  of 
which  are  described  as  new. 

A  new  species  of  Hahrophlehia, 

Ent.  News,  xiv,  Sept.,  1903,  p.  235,  1  fig. 
Description  of  U.  americana. 

Concerning  Gastrophilus  epilejy^alis 

French. 

Com.  Ent.,  xxxv,  Dec.,  1908,  p.  333. 
Questioning  the  position  of  this  maggot. 

Additions  to  the  list  of  New  York 

Pentatomidfie. 

Joum.  y.  l\  Eni.  Soc.,  Dec.,  1908,  p.  227. 
Eight  species  added  to  New  York  list. 

Some  new  Neuropteroid  insects. 

Jonm.  X.    y.  Ent.  Soc.,  Dec,  1908,  pp. 
23&-243,  2  figs. 
Descriptions  of  19  new  species  and  1  new 
genus. 

New  species  of  Hemerohius, 

Can.  Ent.,  xxxvi.  Mar.,  1904,  pp.  61-63. 
Descriptions  of  5  new  species. 

The  Arachnida  of  Florida. 

Proc.  Acad.  Nat.  Sci.  Phila.,  Mar.,  1904, 
pp.  120-147,  2  plates. 
A  listof  279gpecies,  13of  which  aredescribed 
as  new. 


BANKS,  Nathan.     Four  new  species  of 
injurious  mites. 

Joum.  N.  r.  Ent.  Soc.,  Mar.,  1904,  pp. 53-56, 
1  plate. 
Describes  2  species  injurious  to  the  orange, 
1  to  cotton,  and  1  to  the  mango. 

Notes  on  entomology. 

Science  (new  series),  xix.  Mar.  18,  1901, 
pp.  470-472. 
Reviews  of  several  recent  papers. 

' Two  new  species  of  Hydroptilidse. 

Eni.  News,  xv,  Apr.,  1904,  p.  116,  2  figs. 
Descriptions  of  2  new  species  from  near 
Washington. 

Neuropteroid.  insects  from  New 

Mexico. 

Trans.  Am.  Ent.  Soc.,  xxx,  Apr.,  1904,  pp. 
97-110, 1  plate. 
A  list  of  97  species,  from  the  territory,  12  of 
them  being  described  as  new. 

Two  rare  Neuropteroid  insects. 

Ent.  News,  xv.  May,  1904,  p.  171. 
Note  on  Pano}-pa  m/a  and  Mantispa  viridis. 

Curious  habit  of  two  Ortalid  flies. 

Ent.  Nfws,  XV,  May,  1904,  pp.  171, 172. 
Elevation  of  wings  In  Catlopistria  anunlipes, 
and  Psatdotephritis  vau. 

New  genera  and  species  of  nearc- 

tic  spiders. 

Joum.  N.  v.  Ent.  Soc.,  June,  1904,  pp.  109- 
119,  2  plates. 
Decriptlons  or  4  new  genera,  and  22  new 
species. 

BARl^Cn,   Pall.      A    new   Scissurella 
from  Patagonia. 

Naiitilus,  XVII,  1903,  pp.  90,91. 
Scissurella  dalli  Bartsch  is  described  as  new, 

A  new  landshell  from  California, 

Proc.  Biol.  Soc.  Wash.,  xvi,  June  25,  1903, 
pp.  103, 104. 
SonoreUa  wolcottiona  Bartsch  is  described  as 
new. 


Notes  on  the  herons  of  the  Dis- 
trict of  Columbia. 

Smithsonian  Misc.  Colls.,  XLV,  Quar.  issue, 
I,  pts.  1,  2,  Dec.  9,  1903,  pp,  104-111,  pis. 

XXXII-XXXVIII. 

This  paper  deals  with  the  herons  found  in 
the  District  of  Columbia,  the  breeding  habits 
of  the  Black-crowned  Night  heron  and  Green 
heron.  It  also  announces  a  scheme  for  mark- 
ing young  birds  with  aluminum  bands  and 
gives  the  results  of  a  season's  rctunis. 

lAmax  maximus  L.  in  California. 

NatUilus,  xviii,  p.  12,  1904. 

The  above  slug  is  here  recorded  from  San 
Bernardino,  California. 


(SeealsounderWiLLiAwH.DALL.) 

BASSLER,   R.   S.      (See    under  E.   O. 

UlRICH.)  .,y,,.ed  by  Google 
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BEAN,  Barton  A.  Notice  of  a  collec- 
tion of  fishes  made  by  H.  II.  Brimley 
in  Cane  Riverand  Boilings  Creek,  North 
Carolina,  with  a  description  of  a  new 
species  of  Notropis  {N.  brimleyi.) 

Proc.   U.  S.  yat.  Mm.,  xxvi,   No.  1839, 
July6,  1903,  pp.  918,914. 

Notice  of  a  small  collection  of 

fishes,  including  a  rare  eel,  recently  re- 
ceived from  H.  Maxwell  Lefroy,  Bridge- 
town, Barbados,  West  Indies. 

Proc.    U.  S.  Nat.  Mns.,  xxvi,  No.   1345, 
July  10,  1903,  pp.  963,964, 1  fig. 

A  new  pelican  fish  from  the  Pacific. 

Smithsonian  Misc.  Colls.,  xlv,  Quar.  Issue, 
I,  pts.  3,  4,  Apr.  11,  1904,  p.  254. 


BEMIS,  Florence  E.  The  Aleyro<lid8, 
or  Mealy- winged  flies  of  California,  with 
references  to  other  American  species. 

Proc.   U.  S.   Nat.  Mus.,  xxvii,  No.  1362, 
Feb.  16,  1904,  pp.  471-537,  pl.s.  27-37. 

BENEDICT,  James  E.  Revision  of  the 
Crustacea  of  the  genus  Lepidopa. 

Proc.  U.  S.  Nat.  Mus.,  xxvi.  No.  1337,  July 
6,  1903,  pp.  889-895.  text  figs.  1-8. 
Seven  species  are  included  in  the  genus,  of  , 
which  four  are  described  as  new.    Six  spe-  I 
cies  are  represented  in  the  collection  of  the 
U.  S.  National  Museum. 

A  new  genus  and  two  new  species 

of  crustaceans  of  the  family  Albuneidte 
from  the  Pacific  Ocean;  with  remarks 
on  the  probable  use  of  the  antennuhe  in  ; 
Albunea  and  Lepidopa. 

Proc.  U.  S.  Nat.  Mas.,  xxvii.  No.  1367,  Feb.   ' 
16,  1904,  pp.  621-625,  text  figs.  1-5.  , 

Lophomastix  diomedae,  new  genus  and  spe- 
cies; Albunea  elioti,  new  species.  * 

BENJAMIN,     Marcus.     John    Elfreth  j 
Watkins.     [A  biographical  sketch.] 

Science  (new  series),  xviii.  No.  453,  Sept.  , 
4,  1903,  pp.  300.  801.  | 

BOWDISH,  B.  S.     An  abnormal  bill  of  j 

Melanerpea  portoricensis.  \ 

Auk,  XXI,  Jan.,  1904,  pp.  53-55,  pi.  xi. 

Note  on  a  Porto  Rican  woodpecker  with  an  ; 

abnormal  bill.  ' 

BRITTON,  N.  L.  (See  under  Joseph  N. 
Rose.) 

Bl'SCK,  August.     Tineid  Moths  from  , 
British  Columbia,  with  descriptions  of 
new  species. 

Proc.   U.  S.   Nat.   Mus..  xxvii.  No.  1375,   , 
May  25.  1904,  pp  745-778.  I 


CASANOWICZ,  I.  M.  Oriental  and  clas- 
sical  Archeology  in  the  United  States 
National  Museum. 

Records  oj  the  Past,  ii,  No.  12,  Dec..  I'.  03. 
pp.  355-361.  7  Illustrations. 
A  description  of  the  Divisions  of  Historic 
Archeology  and    Historic    Religions,   their 
contents,  arrangement,  and  significance. 

CAUDELL,  Andrew  Nelson.  Notes  on 
Orthoptera  from  Colorado,  New  Mex- 
ico, Arizona,  and  Texas,  with  de- 
scription of  new  species. 

Proc.  U.  S.  Nat.  Mus.,  xxvi.  No.  1888,  July 
6,  1903,  pp.  775-801,  pi.  55. 
New  species:  Heliastus  guanieri,  Melanoplus 
cotoradns,  M.  latifercula,  Psinidia  stdcifrons 
var.  amplicomus. 

The  Phasmidte,  or  Walkingsticks, 


of  the  United  States. 

Proc.  U.  S.  2\at.  Mas.,  XXVI,  No.  1335,  July 

9,  1908,  pp.  863-885.  pis.  56-59. 

New  subfamily:  Timeminae;  new  genera: 

ParabaciUus,  PseudosermplcMegaphcama;  new 

species:    Psettdosermyle  tntncata,  P.  banksii, 

Diapromra  arizojiensis,  Timema  calif omica. 

On  the  systematic  position  of  the 

Orthopterous  genus  Jti/ocflra'Scodder. 
Can.  Ent.,  xxxv,  1903.  p.  302. 
Shows  this  genus  to  belong  in  the  sub 
family  Ordipodinse. 

Notes  on  the  Orthoptera  of  Ber- 
muda with  a  description  of  a  new 
species,  GryUvs  bermudeiisis. 

Proc.  Ent.  Soc.  Wash.,  v.  1903,  pp. 329-331. 

Notes  on  Phasmidee. 

Ent.  Neivs,  1903,  pp.  314,315. 
Compares  ParalxiciUus  Cand.  with  Septynia 
Pant.    Describes  immaturity  of  ZWap/Mronifra 
arizonensis  Cand.    Note  on  Timenia  ccUifomica 
found  on  evergreens  in  California. 


Two  Orthoptera,   hitherto  unre- 

cordeii,  from  the  United  States. 

Proc.   V.  S.  Nat.  Mus.,  xxvii,  No.  1378, 

June  2,  1904,  pp.  949-952,  figs.  1-8. 

New   variety,    Heliastus   sumichrasti   var. 

subrosea.    This    species    is    recorded    from 

Texas,   and   a   Phasmid,    Haplopus   cvadne 

Westw.,  from  Florida. 

Orthoptera  of  the  Expedition. 

Harriman  Alaska  Expedition,  pp.  117,  118. 
1904. 
Melanoplus  borealis  Fieb.  recorded. 

The  genus  Cyphoderris. 

Jour}}.  N.  V.  Ent.  Soc.,  xii,  1904.  pp.  47-53. 
New  variety:  Ojphoderris  motistrosa  i-or.  pi- 
peri. 
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CAUDELL,  Andrbw  Nelson.     A   new 
Forficulid  from  the  Philippines. 

Journ.  N.  Y.  Ent.  Soc.,  xii,  1904,  p.  108. 
Kew  species:  Auchenomus  mhwr. 

Notes  on  some  Orthoptera  from 


British  Columbia. 

Ent.  Nctcs,  1904,  pp.  62,  63. 
Report  on   species  collected  in   1903,  by 
Messrs.  Dyar,  Currie,  and  Caudell.    No  new 


Branched  hairs  of  Hymenoptera. 

Pro€.  Ent.  Soc.  Wash.,  vi,  1904,  pp.  5,6. 

An  Orthopterous  leaf-roller. 

Proc.  EhL  Soc.  Wash.,  vi,  1904,  pp.  46-49. 

The  synonomy  of  (Edipoda  cincta 

Thorn. 

Proc.  EnL  Soc.  Wash.,  vi,  1904,  p.  125. 
New  species,  Mettabrepma  thomasi. 

Injury  by  a  cricket  in  the  South. 

Bull.  Dir.  Ent.,  V.  S.  Depl.  Agric.,  No.  44, 
19(M.  pp.  88,  89. 
Anurogryllui    antillanim    Louss,    recorded 
from  southern  United  States. 

(See  also   under    Harrison    G. 

Dyar.) 

CHAPMAN,  Frank  M.     A  new  grouse 
from  California. 

Bull.  Am.  Mui.  Nat.  Hist.,  xx,  Apr.  25, 
1904,  pp.  159-162. 
Detutragaput  cbwttrus  sierrte  (p.  159)  Is  de- 
scribed as  new,  and  Its  affinities  with  D.  obscu- 
mt  and  D.  obscurus  faligmosns  are  discussed 
at  some  lenitth.  A  table  of  measurements  of 
the  three  forms  is  given  at  the  end  of  the 
paper. 

CLARK,  Austin  H.    The  black-winge<l 
Palm  Tanager. 

Auk,  XX,  No.  4,  Oct.,  1903,  pp.  398-402. 
Notes  on  variations  of  size  and  color  in 
Thn€Lgra  palmarum  melanoptera. 

CLARKE,    Saml'el    Fessexden.       An 
Alaskan  Cory morpha-1  ike  hydroid. 

Proc.   i\  S.  Aat.  Mm.,  xxvi.  No.  1343, 

July  11,  1903,  pp.  953-958,  text  figs.  1-7. 

Redescription  of  an  Alaskan  so-called  Rhi- 

tonana,  which  now  seems  to  belong  either  to 

Cbrymorpfia  or  Lampra. 

COLE,   Leon  J.      Pycnogonida  of    the 
west  coast  of  North  America. 

Harriman  Alaska  Expedition,  x,  April, 
1904.  pp.  24^298.  plates  xi-xxvi. 
The  author  includes  material  from  the 
Harriman  Expedition,  and  certain  forms 
from  California.  Thirteen  speciesare  reported 
upon.  A  table  ol  distnbution  Is  given,  also 
a  table  ol  terms  used  by  various  authors  in 
deacribing  Pycnogonida.  Some  o!  the  dupll- 
cate«  will  come  to  the  U.  8.  National  Museum. 


COQUILLETT,  D.  W.    A  new  Culicid 
genus  related  to  CoreUira. 

Can.  Ent.,  xxxv,  July,  1903,  pp.  189, 190. 
The  author  erects  the  genus  Sayomyia, 
named  in  honor  of -Thomas  Say,  and  describes 
as  new  Cordhra  cinctipcs. 

CuLex  consobrinus  again. 

Can.  Ent.,  xxxv,  Aug.,  1903,  p.  218. 

Shows  that  the  original  description  does 
not  apply  to  any  species  of  Ciilex  occurring 
in  this  country  other  than  the  species  identi- 
fied by  Mr.  Coquillett  as  Consottrinus. 

Four  new  species  of  Culea:. 

Can.  Ent.,  xxxv,  Sept.,  1903,  pp.  266-257. 
Describes  as  new  Cukx  caniator,  C.  aurijer, 
C.  nanus,  and  C.  discolor. 

Notes  on  Culex  kelloggii  Theobald. 

Can.  EnL,  xxxv,  Sept.,  1903,  p.  261. 

Cites  the  above  name,  Culex  wUlistoni  Giles 
and  Culex  ajgHnis  Adams  as  synonyms  of  Culex 
tarsalis  Coquillett. 

Eucorethra,  a  genus  of  Culicidae. 

Can.  Ent.,  xxxv,  Oct.,  1903,  p.  272. 
Gives  a  detailed  description  of  this  genus 
and  of  the  species  Eucorethra  underumodi,  both 
of  which  had  been  described  a  few  months 
eariier,  by  Prof.  W.  L.  Underwood,  from  the 
early  stages  only. 


A  new  Anopheles  with  unspotteil 

wings. 

Ctin.  Ent.,  xxxv,  Nov.,  1903,  p.  310. 
Describes  Anopheles  barber i  from  specimens 
collected  a  short  distance  from  Washington, 
by  Mr.  H.  S.  Barber. 

Several  new  diptera  from  North 

America. 

Can.  Ent.,  xxxvi,  Jan.  12, 1904,  pp.  10-12. 
Gives  descriptions  of  five  new  species. 

Reports  on  Califomian  and  Neva- 


dan  diptera,  by  C.  F.  Baker.  (The 
descriptions  of  the  new  genus  and 
species  are  by  D.  W.  Coquillett.) 

Invertcbrata  Pacifica  Diptera,  i,  Feb.  10, 
1904,  pp.  17-40. 
Describes  1  new  genus  and  31  new  species. 

The  genera  of  the  dipterous  fam- 
ily Empididse.    Addenda. 

Proc.  EiU.  Soc.  Wash.,  vi,  Feb.  13.  1901,  pp. 
51,  52. 
Gives  several  corrections  to  a  paper  on  this 
subject,  published  on  pages  245-272  of  the  pre- 
ceding volume  of  the  Proceedings. 

A  brief  history  of  North  American 

dipterology. 

Proc.  Ent.  Soc.  Wash.,\'i,  Feb.  13,  1904,  pp. 
53-58. 
Forms  the  annual  address  of  the  president 
of  the  Entomological  Society  of  Wasliington 
and  gives  a  short  history  of  this  science  in 
North  America.  ^^  ^  ^ ^T ^ 
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COQUILLETT,  D.  W.     Notes  on  Cxdtx 
nigrUulus^ 

Ent.  Nacs,  xv,  Feb.,  1904,  p.  73. 
Shows  that  the  form  occurring  in  this  coun- 
try and  heretofore  referred  to  this  European 
,  species  Is  evidently  diHtinct.  and  proposes  the 
name  Cftlex  salinarius  for  our  species. 

Dipterafrom  southern  Texas,  with 

descriptions  of  new  species. 

Joum.  N.  y.  Ent  Soc.,  XI I,  Mar.,  1904,  pp. 
31-35. 
Gives  a  list  of  8  previously  described  species 
collected  by  Mr.  Charles  SchaefTerat  Browns- 
ville, Tex.,  not  before  reported* as  occurring 
in  the  United  State«,  and  describes  9  new 
species  from  the  same  region  and  obtained 
by  the  same  collector. 

A  new  Ceratopogon  from  Brazil. 

Joum.  N.  Y.  Ent.  Soc,  xii.  Mar.,  1904,  pp. 
35,36. 
Describes  as  new  Ceratopogon  guttatus. 

New  diptera  from  Central  Auier- 


Proc.  Ent.  Soc.  Wash.,  vi.  May  18, 1904,  pp. 
90-98. 
Describes  2  new  genera  and  18  new  species. 

—  New  diptera  from  India  and  Aus- 


tralia. 

Proc.  EiU.  Soc.  Wash.,  vi,  1904,  pp.  137-140. 
Describes  5  species  as  new. 

COVILLE,  Frederick  Vernon.     [Plants 
used  in  Basketry.] 

Rep.  Smithsonian  Inst.  (U.S.  Nat.  Mus.), 
1902  (1904),  pp.  199-214,  pis.  IV,  V,  vn-X. 
This  paper  is  embraced  in  a  larger  work  on 
Basketry  by  Prof.  O.  T.  Mason. 

Wokas:   a  primitive  food  of  the 

Klamath  Indians. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 
1902  (1904).  pp.  72.V739,  pis.  i-XIII.      * 

COVILLE,     Frederick     Vernon,     and 

McDOU(iAL,  D.  T.     Desert  botanical 

laboratory  of  the  Carnegie  Institution. 

Pub.    Caniegie    Inst.,  No.  6,   Wash.,  1903, 

pp.  1-15,  pis.  I-XXVIII. 

CURRIE,  RoLL.\  Patteson.     An  insect- 
collecting  trip  to  British  Columbia. 

Proc.  Ent.  Soc.  Wash.,  vi,  No.  1,  Jan.,  1904. 
pp.  24-37. 
An  account  of  the  expedition  of  Dr.  H.  G. 
Dyar,  Mr.  A.  N.  Caudel),  and  the  author  to 
the  Kootenay  District  of  British  Columbia  in 
the  summer  of  1903,  with  a  general  description 
of  the  region  and  of  the  particular  localities 
where  collections  were  made.  The  paper  is 
intendeil  as  a  preface  to  subsequent  detailed 
reports,  by  different  sp>ecialists,  upon  the 
various  groups  of  insects  represented  in  the 
collections. 


CURRIE,  Roll  A  Patteson.  Notes  on 
some  Hemerobiidte  from  Arizona  and 
California. 

Proc.  Ent.  Soc.  Wash.,  vi.  No.  2,  Apr.,  19M, 
pp.  79-81. 
Treats  of  a  small  collection  of  Hemerobii- 
dee  made  by  Mr.  H.  S.  Barber  during  the 
.spring  and  summer  of  1903.  Two  new  species 
are  described,  viz,  Il€merobiusbistrigatus,iToin 
Little  River,  Humboldt  County,  California, 
and  //.  palkscais,  from  Fieldbrook,  Humboldt 
County,  California. 

Hemerobiidfie  from  the  Kootenay 

District  of  British  Columbia. 

Proc.  Ent.  Soc.  Wash.,  vi,  No.  2.  Apr.,  1904. 
pp.  81-90. 
Lists  twelve  species,  collected  by  Messrs. 
H.  G.  Dyar,  A.  N.  Caudell,  the  author,  and 
others  during  the  summer  of  1903.  Of  these, 
five  are  described  as  new,  viz,  Hcnicrobius 
dyari,  II.  kokaneeanus,  H.  caudcUi,  II.  glacicUi)*, 
and  II.  kootenayensis.  A  key.  for  aid  in  deter- 
mining the  British  Columbia  >peeies  of  Ilnu- 
erobius,  is  included. 

DALL,  William  Healey.  Synopsis  of 
the  family  Astartidte,  with  a  review  of 
the  American  species. 

Proc.  U.  S.  Nat.  Mus.,  xxvi.  No.  1342,  July 
10,  1903,  pp.  933-951,  plates  LXII,  LXlll. 

A  synopsis,  on  the  lines  of  the  synopsis  i>f 
the  Carditacea,  reviewing  the  classification 
of  the  family  and  the  nomenclature  of  the 
species  found  on  the  Atlantic  and  Pacitic 
coasts  of  America. 

The  following  new  species  are  named  and 
figured:  Astarte  poiaris,  A.  alaskcnsis.  A.  ben- 
netti,  A.  soror,  A.  subaequilatcm  var.  whitc- 
atrsii,  A.  liogona  and  A.  remicosa,  all  from 
the  boreal  regions:  Venericarttia  crassidens 
Broderlp  and  Sowerby,  is  reinstated  and 
figured  for  the  first  time.  Some  new  species 
of  Carditacea,  etc..  described  in  the  review  of 
that  group  are  for  the  first  time  figured,  as 
follows:  Venericardia  armilla,  V.  moniliaia, 
V\  gouldii,  V.  incisa,  V.  alaskana,  and  V. 
vaitricom.  The  following  species  are  for  the 
first  time  figured:  Crania  jmtagonica,  Crassa- 
tfUiteshrasilirnsis,  iYenella  megas,  Eehinochama 
califomica.  Limopsis  panamams,  Cetoconcha 
scapha,  of  Dall,  Astarte  rompacfa  Carpenter, 
and  Astarte  esipiimalti  Baird. 

In  a  footnote  attention  is  called  to  the  fact 
that  the  name  Miodon  Carpenter,  preoccupied 
by  Dumcril  for  a  fish,  has  been  replaced  by 
Miodoutiscns  Dall;  and  for  Acns,  a  subgenus 
of  Tfrrbra,  also  preoccupied,  the  name  Ory- 
mai^  Dall  is  now  proposed. 

The  Grand  Gulf  formation. 

Scicucr  (new  series),  xviii,  No.  446,  July 
17.  1903.  pp.  83-85. 
A  discussion  of  the  proper  application  of 
this  name  to  a  geological  formation  of  the 
Southern  Stales. 
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DALL,  William  Healey.  Reports  of 
the  Princeton  University  expeditions 
toPatagonia,  1896-1899.  I.— Narrative 
and  Geography. 

Science  (new  series),  xviii,  July  31, 1908, 
pp.  146,147. 
A  review  of  the  volume  cited,  giving  a 
summary  of  the  results  obtained  by  Mr.  J.  B. 
Hatcher  in  his  explorations  of  Patagonia. 

Two  new  mollusks  from  the  west 

coast  of  America. 

IiTanUlut,  XVII.  No.  4,  Aug.,  1908,  pp.  87, 38. 
Sigaretu9  noyesii  from  Gorgona  Islands, 
Gulf  of  Panama,  and  Jbnicia  amheimi  from 
Narborough  Island,  Galapagos,  are  described. 
The  types  were  donated  by  Mr.  Amhelm  to 
the  U.  S.  National  Museum. 

A  new  species  of  Melzgeria, 

XautilM,  XVII,  No.  5,  Sept.,  1908,  pp.  61,62. 
Mttzfferia  califomica  Is  described  from  the 
Santa  Barbara  Channel,  California,  the  only 
other  species  known  being  Norwegian. 

Note  on  the  family  Septidw. 

NautilM,  XVII.  No.  5,  Sept,  1908,  pp.  55,66. 
DiscuflBlon  of  the  proper  family  name  for 
the  group  formerly  called  Tritonidse. 

A  new  genus  of  Trochidw. 

XautUut,  XVII,  No.  6,  Oct.,  1903,  pp.  61,62. 
The  genus  Stylobates,  founded  on  the  abyssal 
species  S.  stneua  Dall,  is  described  from  deep 
water  in  the  Hawaiian  group. 

Contributions    to     the    Tertiary 

fauna  of  Florida,  with  especial  reference 
to  the  silex  beds  of  Tampa  and  the 
pliocene  beds  of  the  Caloosa hatch ie 
River,  including  in  many  cases  a  com- 
plete revision  of  the  generic  groupe 
treated  of,  and  their  American  Tertiary 
specif  8.    Part  VI,  concluding  the  work. 

Trans.  Wagner  Free  Inst.  Sci.  PhUa.,  iii, 
part  VI,  Oct,  1903,  pp.  i-xiv,  1219-1654, 
pi.  XLVIII-LX,  4to. 

This  volume  forms  the  concluding  part  of 
the  monograph  of  the  Floridian  Tertiary  be- 
gun in  1885  by  the  author.  It  comprises  not 
only  the  description  of  species,  the  types  of 
which  are  preserved  in  the  U.  S.  National 
Museum,  and  of  which  three  or  four  thousand 
are  enumerated,  and  eight  hundred  and 
sixty  new  forms  described,  among  mollusks 
and  Brachiopods,  but  also  a  general  discus, 
sion  (pp.  1541  to  1620,  with  two  tables  showing 
numerically  and  graphically  the  relations  of 
the  fauna,  which  discussion  was  also  issued 
as  a  separate  pamphlet,  with  title  and  covers) 
of  the  Tertiary  geology  of  southeastern  North 
America,  with  notes  on  each  separately  rec- 
ognized formation,  including  lists  of  the 
species  known  from  each  horizon.  In  the  1 
course  of  the  work  a  thorough  discussion  of 
many  of  the  families  or  genera  and  their  no- 
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menclature  Is  given,  bringing  the  latter  up 
to  date  as  far  as  practicable;  while  the  gen- 
eral classification  of  the  bivalves  is  reviewed 
and  amended.  A  geological  map  of  Florida 
from  the  reconnaissance  work  of  the  author 
and  others  who  have  assisted  in  the  work  is 
included,  while  all  the  new  and  many  doubt- 
ful or  unfigured  species  have  been  Illustrated. 
The  following  groups,  of  the  value  of  gen- 
era, subgenera,  or  sections,  appear  as  new  in 
the  present  part  of  the  work:  AUogramma, 
Aporema,  Boiodenia,  Chlidonophora,  Ciimacia, 
Heteroclidus,  ParmuHna,  Pompholigina,  Pro- 
flscheria,  Samarangia. 

The  following  species  are  described  as  new 
and  figured  in  the  present  part  of  the  work: 
Anomalocardia  bowdeniana,  A.  caloosana,  A. 
chipolana,  A.  dupliniana,  Area  miUi/Ua,  Argy- 
roUieca  schticherti,  Aspella  aenex,  Astarte  ameri- 
cana,  A.  caUiglypta,  A.  floridana,  A.  obesa,  A. 
opvlentora,  A.  parma,  A.  vaginulata,  A.  wag- 
nerl,  OaUocardia  gatunemis,  C.  muUi/Uota,  C. 
sincera,  Cardita  catharla,  C.  guppyi,  C.  pres- 
tout,  C.  tegea,  C.  vaughant,  CardUopbis  bernardi. 
Chama  caloosana,  C.  chipolana,  C.  draconis,  C, 
lyeUi,  a  tampaensis,  Chione  baUista,  C.  chipo- 
lana, C.  craspedonia,  C.  eiosa,  C.  glyptocyma, 
C.  hendernonii,  C.  rhodia,  C.  spada,  C.  ulocyma, 
C.  inctoria,  C.  xesta,  ChUon  bunisii,  dementia 
grayi,  Cbdakla  chipolana,  C.  erosa,  C.  magno- 
liana,  a  pertenera,  C,  spinuloea,  C.  vendryesi, 
Coliimbella  cosmia,   Coralliophaga  elegantuta, 
Corbis  claibornensis,   CrassatellUes  acutus,  C. 
bowdenemis,  C.  chipolanns,  C.  cyclopterus,  C. 
duplinianu8,   C.  jamaicensis,  C.  meridionalis, 
C.   tanicns,   C.  triangidatus,  Crepldula  ^sop, 
Cuspldaria  crasjyedonia,  C.  distira,  Cyathodonta 
gnadalupensis,   C.  spenceri,  C.  vicksbiirgiana, 
Cyclinella  gatunensis,  Cyrena  dupliniana,  Cyth- 
ara  metria,  C.  microineris,  Cythei-ea  cxsarina,  C. 
glyptoconcha,    C.  shepardi,    C.   tarquinia,    C. 
ucidlana,  C.  wUlcoxi,   Cyth€rioj}8is  alimensis, 
Dosinia  chipolana,  D.  liogona,  Echinochama 
antiqiiata,  E.  califomica,  Erycinella  bernardi, 
Qafrarinm  altum,  O.  erosufn.  Gemma  magna, 
O.  trigona,  O.  virginiana,  Qlyphostoma  scoptes. 
^OoodalUa  americana,  Liroduscus  wailesii,  Lu- 
cina  corpiUctUa,  L.jantts,  L.  mntarosana.  Lyon- 
sia  acuta,  MacrocalUsta   acuminata,   Myrtxa 
curia,  M.furcata,  M.  limoniana,  M.  vermicuhita, 
Neritina  merida,  Nevaita  co'imis,  Oliva  liodcs, 
0.  martemi,  Olivdla  eutacta.  Pandora  arctica,  P. 
dodona,  P.  lata,  Phacoides  act  inns,  P.  calhoun. 
ensis,  P.  calofjminsis,  P.  caloosana,  P.  chipo- 
lanus,  P.  domingemis,  P.  glenni,  P.  hamatus, 
P.  heracleius,  P.  inlensus.  P.  ocalatins.  P.  pilu- 
liformis,    P,   plcsiophilxis.   P    podagrinus,  P. 
prunw,  P.  quadricostatus,   P.   recnrrens,  P. 
sphnerifHus,  P.  tithonia,  P.  tuomeyi,  P.  xcacca- 
matvaisis,  P.  tcacissanus  P.  whitfleldi,  Pitaria 
calcanca,  P.  filosina,  P.  flondana,  P.  hiliii,  p. 
opisthogrammata,  P.  planivieta  Plalidia  mary- 
landica,  Pleurodesma  floridana.  Poromya  ja- 
maicensis,  Pterorhytia  jluviana.   Rhynchonelia 
holmesii,    R.   salpinx,    Sfjlenosteira   vaughatii. 
Spheniopsis   (^mericaua^^SnppQ^r^ti!;i^ydil^ 
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porom,  Teiiio^oma  catligli/iytun,  Thracia  har- 
risi,  TivelajamafceHsis,  Tmnseniidlacaloomna, 
T.  carolinensU,  T.  chipolana,  T.  santarosana, 
T.  utica,  Vehriia  floridana,  Vmericardia  ab- 
breviata,  V.  acarig,  V.  bulla,  V.  califomicti,  V. 
cartonensis,  V.  greggiana,  V.  hadra,  V.  himerta, 
V.  uasutay  V.  pritcim,  V.  scUula,  W  simpler, 
V.  tdlia,  V.tripla,  V\  vick^nrgiana,  V.  will- 
coxcnsis,  Venus  alba,  V.  langdoni,  V.  nncea,  V. 
quadrata,  V.  radiata,  V.  tcxana,  XYrticordia 
bowdenensis,  V.  cossmanni,  V.jamaicensis. 

Mrs.  Henrietta  H.  T.  Wolcott. 

Nautilus,  XVII,  No.  7,  Nov.,  1903,  pp.  83, 84. 
Obituary  notice  of  an  excellent  field  natu- 
ralist, friend  and  generous  contributor  to  the 
U.  S.  National  Museum  for  many  years. 

Diagnoses  of  new  species  of  mol- 

lusks  from  the  Santa  Barbara  channel, 
California. 

Proc.  Biol,  Hoc.  Wash.,  xvi,  Dec.  81, 1903, 
pp.  171-176. 
Actiron  painei,  Clathurella  lowei,  Maugilia 
fancherie,  MUra  loicei,  M.  dolorosa,  Mnrex 
\tainci,  Lunatia  draconis,  Macromphalina  call- 
foruica,  Scala  sawinx,  and  Ischnochiton  biar- 
ctiatus  are  described  as  new.  The  types  are  in 
the  U.  S.  National  Museum. 

Rectifications  et  questions  de  no- 
menclature. 

Revue  critique  de  J*aUozoologie,  vii,  p.  180. 
Juillet,  1903. 
Reclamation  for  the  name  of  Dimya,  which 
had  been  rejected  for  insufficient  reason. 

GuncUachia  and  Ancylus. 

Nautilus,  xvii.  No.  9,  Jan.,  1904,  pp. 97, 98. 
A  discussion  as  to  the  relations  between  the 
two  genera. 

Marcus  Baker. 

Nat.  Qeograph.  Mag.,  xv,  No.  1,  Jan.,  1904. 
pp.  41-43,  with  portrait. 
Obituary  notice  of  Mr.  Baker,  who  for  a  long 
time  was  associated  with  Dr.  Dall  in  Alaska, 
and  who,  in  the  intervals  of  other  work,  found 
time  to  collect  material,  anthropological  knd 
biological,  for  the  U.  S.  National  Museum. 

Notes  on  the  nomenclature  of  the 


Pupacea  and  associated  forms. 

Nautilus,  XVII,  No.  10.  Feb.,  1904,  pp.  114- 
116. 
Corrections  to  current  usage  in  the  nomen- 
clature of  this  group  are  pointed  out. 

On  the  geology  of  the  Hawaiian 

Islands. 

Am.Journ.  Sci.  (fourth  series),  xvii,  No. 
98.  Feb.,  19aJ.  p.  177. 
Notes  on  the  geology  of  Diamond   Head, 
Oahu,  biu*e<l  on  material  n  ix)rtlon  of  which 
Is  in  the  V.  S.  National  Museum. 


DALL,  W1LLIA.M  Healey.  Charles  Em- 
erson Beecher. 

Scinicc  (new  series),  xix,  Mar.,  18. 1904, 
pp.  453-456. 
Obituary  notice  of  the  late  Dr.  Beecher. 

Neozoic  invertebrate  fossils,  a  re- 
port on  collections  made  by  the  expe- 
dition. 

Harriman  Alaska  Expedition,  iv,  Mht.. 
1904.  pp.  99-122.  pis.  IX,  X. 
A  report  on  fossils  collected  by  the  expedi- 
tion in  Alaska:  1st,  Eocenr^  fossils  from  Alas- 
ka Penlnsulaand  vicinity, chiefly  by  Mr.Chas. 
Palache;  2d,  Miocene  fossils  from  the  Shuma- 
gin  Islands;  3d,  PlAstoc>ene  fossils  from  Doug- 
las Island.  The  types  are  In  the  U.  S.  Nation- 
al Museum.  The  Eocene  species  are  the  first 
Eocene  fossils  described  from  Alaska.  The 
following  are  described  and  figured  as  new: 
Cliona  alaskana,  Voldia  pcdachci,  V.  emersonii, 
y.  braveri.  Modiolus  harrimaui.  M.  alaskanus, 
MacrocaUisla  gilberti,  Spisula  caUistteJormis, 
Mesodcsma  alaskensis,  Crejndiila  jrrecursQr^ 
Margaritcs  peninsularis;  and  from  the  Mio- 
cene: Pnpyridca  harrimani,  Saxidomus  popo- 
fianus,  CaUocardiakincaidii,  Dosinia  alaskana, 
Protothara  gretcingkii,  Macoma  grewingkii, 
TVochita  alaskana,  and  Crtpidula  ungana. 

Reports  of  the  lielgian  Antarctic 

Expedition. 

Science  (new  series),  xix.  No.  486,  Apr.  22, 
1904.  pp.  656-tK>9. 
Summary  of  the  results  obtained  on  the 
expedition  on  the  Bclgica  in  the  antarctic 
regions. 

A  singular  Eocene  Turbin^lla. 

Nautilus,  xvm,  No.  1,  May,  19W,  pp.  9,10. 

The  subgenus  PsUocochlis  is  proposed  for  a 

new   species   Tarbinella  McCallie  from   the 

Eocene  of  Georgia.    The  types  are  in  the  U.  S. 

National  Museum. 

Namatogsean  or  Epigaean. 

Science  (new  series),  xix.  No.  494,  June 
17,  1904.  p.  926. 


Suggestions  for  a  term  to  take  the  place  of 
the  phrase  "land  and  fresh  water"  in  eco- 
logical discussions  of  animal  and  plant  dis- 
tribution. 

DALL,WiLLiAMHEALKY,andBARTSCH, 
Pail.     Pyramidellidte. 

Memoirs  Co/.  Acad.  Sci.  ill,  1903,  pp.  269- 
2H5,  pi  i-ii,  and  iv,  fig.  14. 
This  is  a  contribution  to  the  volume  on  the 
Paleontology  of  San  Pi^dro  by  Ralph  Arnold 
(q.  v.).  The  specimens  upon  which  it  is 
based  are  In  the  collection  of  the  V.  S.  Na- 
tional Mnsoum.  Ivara.  subgenus  of  Odosto- 
mia,  is  described.  The  following  new  species 
are  described  and  figured: 
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TSatoniUa  fiearjisH,  T.  pattalopha,  T.  auri- 
coma,  T.  lai^fundia,  T.  lotoei,  and  yM.pedroana, 
T.  amoMi,  T,  adleri;  Odoetomia  stearMii, 
O.  ditgentit,  O.  grammatospira;  and  O.  {Ivara) 
tarri/mla,  and  a  number  of  other  old  specif 
are  rediagnosed  and  figured. 

Synopeis  of  the  genera,  subgenera, 

and  sections  of  the  family  Pyramidel- 
lidse. 

Proc.  Biol.  Soe,  Wash.,  xvn,  Feb.  5,1904, 
pp.  1-16. 
A   synopnis   of    the  revised  claMification 
dne  to  several  years'  Investigation  into  the 
character  and  history  of  the  groups  compris- 
ing this  family. 

Under  Pyramidella  the  following  new 
names  are  proposed:  Subg.  Milda,  subg.  Vo- 
hupa,  subg.  Caliolongchstus,  subg.  U{fa,  subg. 
Tropteas,  subg.  Voffna,  sect.  Cosmnannica^ 
subg.  OrineUct,  subg.  Sulcorindla,  subg.  Iphi- 
ttna,  subg.  Symoiina.  Under  Tt^Tb(mUla  come, 
as  new,  Saceoina,  lYstna,  Lancdla,  Atmui^ay 
and  Baldra,  subgenera.  Under  Odoetcmia; 
VUia,  /bd'neOa,  Bala,  Ef/ila,  Haldra,  Ividia, 
EcaltHa,  Heida,  and  Lysacme,  subgenera,  and 
SloiMffa,  new  section.  PyramidiUa  dodona 
TurboniUa  archtri,  Odosiomia  piUbryi,  and  0. 
americana  are  spacies  described  as  new. 

Notes  on  the  genus  Amptdlaria, 

Journ.  Conchology,  xi,  No.  2,  Feb.,  1904, 
pp.  50-55. 

History  of  the  names  applied  to  this  shell 
and  a  revision  of  the  classification  of  the 
whole  group  to  which  it  belongs.  The  sec- 
tional name  Limnopomut  is  proposed  for 
Ampttttaria  columeUarU  Gould,  the  type  of 
which  is  in  the  National  Museum. 

A  new  epeciee  of  Periploma  from 

California. 

Nttutaus,  ZTii,   No.  11,  Mar.,   1904,  pp. 
122,123. 
Periploma  stdcala  from  San   Pedro  is  de- 
scribed and  the  sectional  name  Halislrepta 
proposed  for  it. 

DAVENPORT,  Charlbb  B.  Report  on 
the  fresh-water  bryozoa  of  the  United 
States. 

Proc.  V.  S.  Nat.  Mm.,  xxvii,  No.  1366,  Jan. 
22,  1904,  pp.  211-221,  pi.  VI. 
Based  chiefly  on  material  collected  in  1898 
and  1«99  by  the  laboratory  of  the  U.  8.  Fish 
Commission  at  Put-in- Bay,  Ohio.  The  author 
gives  a  synoptic  key  to  species,  a  chapter  on 
ecology  and  one  on  methods  of  preserving, 
followed  by  a  list  of  all  species  found  in  the 
United  States. 

Part  of  the  material  is  in  the  U.  8.  National 
Museum. 


DYAR,   Harrison  Or.    Lepidoptera  in 
British  Columbia. 

Can.  EnL,  xxxv,  1908,  p.  176. 

The  life  history  of  MameMra  landa- 

bilisy  Guin. 

Can.  EtU.,  xxxv,  1908,  pp.  278,  274. 

Book  Notice:  Smith's  cheek  list  of 


the  Lepidoptera  of  Boreal  America. 
Can.  EnL,  xxxv,  1903,  pp.  321,  322. 

Life  histories  of  North  American 


Geometridte.     XLIL 

Psyche,  X,  1903,  pp.  168. 169. 

Life  histories  of  the  North  Ameri- 
can Geometridse.     XLIII-LIL 
Psyche,  X,  1908,  pp.  190-200. 

The  Lepidoptera  of  the  Kootenay 

District  of  British  Columbia. 

Proc.   V.  S.  Nat.  Mus.,  xxvii,  No.  1376, 
June  7, 1904,  pp.  779-938. 

New  Noctuidfe  from  British  Co- 
lumbia. 

Can.  Ent.,  xxxvi,  1904,  pp.  29-33. 

Tamiocampa  communis. 

Can.  Ent.,  xxxvi,  1904,  p.  60. 

Correction  of  name. 

Can.  Ent.,  xxxvi.  1904,  p.  102. 

New  North  American  species  of 

Lepidoptera   and    a    new    Limacodid 
larva. 

Joulm.  N.  y.  Ent.  Soc.,  xii,  1904,  pp.  39-44. 

•  New  Lepidoptera  from  the  United 


States. 

Joum.  S.  Y.  Ent.  Soc.,  xil,  1904,  pp.  106- 
108. 

Life  histories  of  North  American 


Geometridw.    LIIL 
Psyche,  XI,  1904,  p.  29. 
Life  histories  of  North  American 


Geometridaj.    LIV. 
Psyche,  xi,  1904,  p.  64. 

Description  of  the  larva  of  Elhuria 

zelleriella  Chambers. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  8. 

Description  of  the  larva  of  Lito- 

donta  hydromeli  Harvey. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  3. 

Note  on  the  distribution  of  the 


red  forms  of  Diacrisia. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  18. 

A    lepidopteron    parasitic    upon 

Fulgoridae  in  Japan. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  19. 
New  species,  Epipyrops  nawai. 
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DYAR,  Harrison  G.     Halesidota  macu- 
lata  Harris  and  its  varieties. 

Proc.  Ent.  Soc.  Wash.,  VI,  19(M,  p.  19. 

The  larvae  of  the  mosquitoes  Mega- 

rhinus  retilus  Coquillett  and  ^f,  portori- 
censis  Roeder. 

Proc.  Ent.  Soc.  H'cwA.,  vf,  1904,  p.  20. 

Notes  on  the  mosquitoes  of  British 


Columbia. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  27. 

A   new    variety  of  the    Noctuid 

Exyra  semicrocea  Guen^  (Exyra  semi- 
croceay  variety  hubbardiaruif  n.  var. ) . 
Proc.  Ent.  Soc.  Wash.,  vr,  1904,  pp.  59,60. 

A  new  genus  and  species  of  Tor- 

tricidse. 

Proc.  Ent.  Soc.  Wash.,  VI,  1904,  p.  60. 
Additions    to  the  list  of    North 


American  Lepidoptera,  No.  1. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  pp.  62-65. 

Note  on  the  larva  of  an  Hawaiian 


Pyralid  {Emiodes  accepta  Butler). 
Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  65. 

Note  on  the  larva  of  Therina  som- 


igiaria  Hulst. 

Proc.  EtU.  Soc.  Wash.,  vi,  1904,  p.  76. 

Note  on  the  larva  of  Melanchroia 


geomelroides  Walker. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904;  p.  77. 


Note  on  the  genus  Leusophobetron 


Dyar. 

Proc.  Ent.  Soc.  Wash.,  vi,  1904,  p.  77. 

Additions    to  the  list   of    North 


American  Lepidoptera,  No.  2. 

Proc.  Ent.  Soc.  Wash,,  vi,  1904,  p.  103. 

•  New  North  American  species  of 


Scoparia  Haworth. 

Ent.  News,  xv,  1904,  p.  71. 

Life  history  of  Oufex  cantans  Mei- 


gen. 


Joum.  S.  Y.  Ent.  Soc.,  Xll,  1904,  pp.  36-38. 

Life  history  of  Culex  varipalpns. 

Joum.  N.  Y.  Ent.  Soc.,  Xll,  1904,  pp.  90-92. 

DYAR,  Harrison  (i.,  and  CAUDELL, 
Andrew  N.     The  types  of  genera. 

Joum.  y.  Y.  Ent.  Soc.,  xii,  1904,  pp.  120-122. 
A  discussion  of  the  first  species  as  the  type 
of  a  genus. 

KIGENMANN,  Carl  H.  New  genera  of 
South  A  merican  fresh-water  fishes  and 
new  names  for  some  old  genera. 

Smithftonian  MiW.  Colli*.,  xi.v.  Quar.  is^ue, 
I,  pts.  1.2.  Dec.  9. 1903.  pp  Ht-Hh. 


FEWKES,  J.  Walter.  Precolumbian 
West  Indian  amulets. 

Am.  Anthropologist  (new  series),  v.  No.  4 
Oct.-Dec,  1903,  pp.  67^-^1,  pi.  lii-liv. 
A  paper  devoted  to  the  description  and 
illustration  of  small  images  carved  from  stone, 
shell,  and  bone,  and  perforated  for  suspension 
from  the  person.  The  author's  notes  are  de- 
rived from  a  study  of  the  subject  on  the  spot. 

Preliminary  report  on  an  archeo- 

logical  trip  to  the  West  Indies. 

Smithsonian     Misc.     Calls.,    XLV,    Quar. 
issue,  pts.  1,  2.  Dec.  9, 1903,  pp.  112-133. 

pis.  XXXIX-XLVIII. 

The  archeological  results  of  a  former  visit 
to  Porto  Rico  were  so  promising  that  in  No- 
vember Doctor  Fewlces  returned  to  the  island 
and  continued  his  survey  until  the  close  of 
I  May,  1903.  The  present  papergives  the  results 
of  this  winter's  exploration. 

FISHER,  Walter  K.  Birds  of  Laysan 
and  the  Leeward  Islands,  Hawaiian 
group. 

BuU,  V.  S.  Fish  Com.  for  1903,  pp.  1-39 
pis.  1-10,  4  text  figs.,  1  diagram. 
An  excellent  account  of  the  birds  (27  spe- 
cies) met  with  on  thes'C  islands  during  the 
cruise  of  the  Attnitross  in  1902.  The  plates  ac- 
companying the  paper  illustrate  many  inter- 
esting phases  of  bird-life  as  seen  on  Laysan. 

FLINT,  Jambs  M.     Chinese  medicine. 
I  Smithsonian  Misc.  Colls.,  XLV,  Quar.  lasue, 

1  I,  pts.  1,  2,  Jan.  7, 19M,  pp.  180-182. 

Doctor  Flint  in  this  paper  traces  the  origin 
of  Chinese  medicine  to  the  year  2700  B.  C, 
under  the  Emperor  Shen-nung.  The  theories 
of  disease  and  the  method  of  treatment  are 
set  forth. 

i  FOWLER,  Henry  W.     (See  under  D.S. 

I      Jordan.  ) 

I  GILBERT,  Charles  H.,  and  STARKS, 
Edwin  Chapin.  Memoirs  |  of  the  | 
California  Academy  of  Sciences  |  Vol- 
•  ume  IV  I  The  Fishes  of  Panama  Bay  | 
By  I  Charies  H.  Gilbert  and  Edwin  C. 
Starks  I  Issued  February  6,  1904  |  San 
Francisco  |  Publishe<l  by  the  Acad- 
emy I  1904.  I 

4to,  pp.  1-304,  pis.  I-X XXIII. 

GILL,  Theodore.  Note  on  the  fish 
genera  named  Macrodon. 

Proc.  V.  S.  Sat.  Mas.,  xxvi.  No.  1849.  July 
6,  1903,  pp.  1015.  1016. 
The  name  Macrodon  can  not  be  used  for  the 
Trahirasot  the  South  American  rivers,  as  has 
been  done  since  1842,  inasmuch  as  it  had  been 
taken  in  1822  by  H.  R.  Schinz  for  the  genus 
called  Ancylodon  by  Cuvier.  Macrodon  Schinz 
must  be  adopted  in  place  of  Ancylodon  Cuvier 
(not  Illiger  1811),  and  a  new  name  {Iloplias) 
is  proposed  as  a  substitute  for  the  fish  genus 
of  Mailer.         ^  ^  O 
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GILL,  Thbodork.  On  the  relations  of 
the  fishes  of  the  family  Lamprididw  or 
Opahs. 

Ftdc.  V.  S.  yat.  Mus.,  xxvi,  No.  1340,  Jiily 
7,  1903.  pp.  915-924,  fiRS.  1-3. 
The  genus  Lampris  had  been  associated 
with  various  Ashes,  mostly  Scombroidean, 
but  in  1903  Boulenger,  having  homologized 
«ome  of  the  bones  of  the  shoulder  girdle  in  a 
peculiar  way.  considered  it  as  the  representa- 
tive of  an  independent  group  (Selenichthyes) 
of  a  new  suborder  (Catosteomi)  which  fur- 
ther included  the  Hemibranchii  and  Lopho- 
branchii.  The  reasons  given  for  this  classifi- 
cation are  traversed,  the  bones  called  coracoid 
and  infraclavicle  being  homologized  with 
the  fourth  actinoet  and  hypocoracoid,  and 
the  existence  of  an  independent  infraclavicle 
is  denied.  There  is  consequently  no  reason 
for  the  association  of  Lampris  with  the  Hemi- 
branchii and  Lophobranchil.  The  aflanities 
are  rather  with  the  Scombroideans.  as  for- 
merly claimed,  but  the  family  is  isolated  as 
the  representative  of  an  independent  super- 
tamily— Lampridoidea.  A  diagnosis  of  the 
snperfamily  and  synonyms  of  the  family 
name  are  added. 

On  some  neglected  genera  of  fishes. 

Proc.  U.  S.  Nat.  Mas.,  xxvi.  No.  1844,  July 
11, 1903,  pp.  959-962. 
An  analysis  of  an  article  published  in  1790 
by  H.  F.  Linck  (Versuch  einer  Eintheilung 
der  Fische  nach  den  Z&hnen)  is  given,  and  it 
is  shown  that  *'  of  the  nine  new  generic  names 
propoeed  by  Linck,  three  are  well  entitled  to 
adoption  from  him— Mustelus,  PrUiis,  and 
Mold.  The  others  do  not  seem  to  be  pre- 
sented in  such  form  as  to  demand  recognition . " 

On  some  fish  genera  of  the  first 

edition  of  Cuvier's  R^gne  Animal  and 
Oken's  Names. 

Proc.  U.  S.Nat.  Mm.,  xxvi.  No.  1346,  July 
11.  190G,  pp.  965-967. 
It  is  remarked  that  "in  the  first  edition  of 
the  R^gne  Animal  (1817)  Cuvler  introduced 
many  new  genera  or  subgenera,  but  most  of 
them  were  named  only  in  French  guise. 
Consequently  many  naturalists  have  refused 
to  accept  them."  In  an  entirely  overlooked 
snmmAr>%  also  published  in  1817,  L.  Oken 
gave  Latin  or  Latinized  names  and  many  (18) 
date  from  his  commentary. 

O- words  in  the   '*New  English 

Dictionary."     [I.] 

NoU»  and  Queries  (9),  Xll,  Aug.  29,  1908, 
pp.  1G5,  166. 
Comments  on  the  section  On-Outol  the  dic- 
tionary, suggesting  that  quotations  for  words 
"should  be  brought  up  more  nearly  to  date." 
some  in  daily  use  being  "  illustrated  by  quo- 
tations twenty  to  forty  or  more  years  behind 
time."  Anumbersucharenamed.  Ootakan, 
OpMdia,  Orator,  OrbUolUe,  Omithodelphia,  \ 
and  Ortolan,  words  imperfectly  treated  in  I 
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the  dictionary,  are  elucidated.  It  issuggested 
that  "surely  the  word  (ornithology)  must 
have  been  used  before  [1678]." 

The  fishes  of  the  African  family 

Kneriidffi. 

Science  (new  series),  xviii,  No.  454,  Sept. 
11,  1903,  pp.  338,  339. 
Attention  is  called  to  the  agreement  in 
many  respects  between  the  descriptions  of 
two  African  genera— A'neria,  described  by 
Steindachner  !n  1866,  and  Cromeria,  described 
by  Boulenger  in  1901.  The  discrepancies, 
which  are  marked,  it  is  suggested,  may  per- 
haps be  due  to  age,  and  possibly  Cromeria 
(known  only  from  specimens  about  thirty 
millimeters  long)  may  be  the  young  of  Kneria. 
The  affinity  of  the  family  is  doubtful,  and  it 
appears  to  be  entitled  to  distinction  as  a  pe- 
culiar superiamily,  Knerlordea.  It  may  be 
referred  to  the  group  Haplomi  or  perhaps  the 
Inioml. 

A  little-known  Devil-fish. 

Science  (new  series),  xviii.  No,  458,  Oct.  9, 
1903,  p.  478. 
Attention  is  directed  to  "  Description  of  a 
new  Ceratopterine  Eagle-ray  from  Jamaica." 
published  by  Richard  Hill  in  1802,  and  the 
suggestion  is  made  that  the  species  ( Cephalop- 
(era  masKnoidea)  is  the  same  as  the  CeraJtobatit 
robertm  described  by  Boulenger  in  1897. 

American  fishes  |  A  popular  treat- 
ise I  upon  the  |  game  and  food  fishes  of 
North  I  America  |  with  especial  refer- 
ence to  habits  and  |  methods  of  cap- 
ture I  By  I  G.  Brown  Goode,  Ph.  D., 
LL.  D.  I  [List  of  titles]  New  edition  | 
completely  revised  and  largely  extended 
by  I  TheodoreGill,A.M.,M.D.,Ph.D., 
LL.  D.  I  [List  of  titles]  With  numer- 
ous illustrations,  including  a  series  |  of 
new  color  plates.  |  Boston  |  Dana  Estes 
&  Company  |  Publishers  | 

8vo.,  pp.  i-LXVlii,  1-562, 6  colored  pis.  and 
portrait.    (Published  Oct.  16, 1903.) 

O- words  in  the   "New  English 

Dictionary."     [II.] 

Notes  and  Queries  (9).  xii  Oct.  24, 1903,  pp. 
330,831. 
An  answer  to  Doctor  Murray's  defense  of 
the  dictionary  (o.  c,  209,  210)  and  claim  that  it 
"does  indeed  give  the  earliest  quotation  ( known 
tons  at  the  time)  for  every  word  and  sense," 
etc.,  and  that  when  the  writer  "can  cite  an 
earlier  instance  of  the  word  ornithology  than 
can  be  given  in  the  'dictionary,'  it  will  be  time 
to  write  about  it." 

Improper  usage  of  the  word  Oology  is  shown, 
and  earlier  instances  of  the  use  of  the  words 
Ophidia  (1802),  Ophidian,  a.  (1813),  Ophidian,  n. 
(1813), and  Ophiolofftj  (1817)  are  adduced.    Asp 
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GILL,  Theodore — Continued, 
examples  of  words  "erroneously  defined  and 
illustrations  [that]  do  not  illustrate,"  Ophidium 
and  Ophidioid  are  noted  and  Ophidioid  rede- 
fined. 

"Eulachon**  and  its  variants. 

Nol€»  and  Queries  (9),  xii,  Dec.  6,  1903, 
pp.  444,  445. 
In  answer  to  a  request  for  information,  the 
Variants  of  the  name  of  the  Candle-fish  of 
Washington  and  British  Columbia  ( Thakich- 
thys  padficus)  are  enumerated  and  in  some 
instances  commented  on.  "In  chronological 
sequence  of  publication  they  are  Ulken  (Oass, 
1807),  Olthcn  (Lewis  and  Clark,  1814),  Uth- 
lecan  (Irving,  1836),  Oulachan  (Richardson, 
1836),  Eulachon  (Lord,  1866),  Oulacon  (Scam- 
mon,  1874),  Hoolakin  (J.  and  O..  1881),  Oola- 
chan  (Nature,  1881),  Oolackan  (Baillie-Groh- 
man,  1886),  Oulachon  (Century  Diet,  1890), 
Oolakan  (N.  E.  D.  1903). 

A  remarkable  genus  of  fishes — the 

Umbras. 

Smithsonian  Misc.  Colls,  jcly,  Quar.  issue, 
I,  pts.  3,  4,  Apr.   11,  1904,  pp.  295-305, 
with  5  figs, 
A  summary  is  given  of  (1)  the  bibliograph- 
ical history  of  the  genus,  followed  by  (2)  a 
notice  of  its  place  in  the  system;  (3)  an  ac- 
count of  the  habits  of  the  species  is  the  most 
prominent  feature;  (4)  the  distinctive  char- 
acters of  the  three  species,  and  (5)  a  notice  of 
the  desiderata  to  complete  the  biographies. 

The  Encyclopaedia  Americana  on 

Ichthyology. 

Science  (new  series),  xix,  No.  486,  Apr. 
22,  1904,  pp.  675,  676. 
Attention  is  called  to  the  careless  editorial 
handling  of  an  article  on  "Ichthyology"  by 
Dr.  D.  8.  Jordan,  and  the  misnaming  of  many 
(twelve)  figures.  The  act  is  declared  to  be  a 
wrong  to  the  public  as  well  as  author  of  the 
article;  the  latter  should  be  relieved  of  re- 
sponsibility for  the  errors  noted. 

-  Vernacular  names  of  animals.    [A 


notice  of  Nemnicb's  "Allgemeines 
Polyglotten  Lexicon  der  Naturges- 
chichte."] 

Am.  Naturalist  (xxxviii),  No. 447,  March, 
1904  (published  May 8. 1904),  pp.241, 242. 

'*  Horses *'  not  horses. 

Science  (new  series),  xix,  No.  488,  May  6, 
1904.  pp.  737.  738. 
A  notice  of  a  number  of  errors  in  a  little 
book  entitled  "  The  Tree  Dwellers,'*  in  which 
the  assumption  is  made  that  the  ancestors  of 
the  horses  had  five  toes  and  lived  partly  in 
trees.  The  error  of  such  an  assumption  is 
pointed  out  and  protest  is  made  against  the 
use  of  the  word  horse  for  the  ancient  forms, 
which  really  belonged  to  a  diflTerent  family 
from  the  recent  horses.    It  should  certainly 
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not  be  used  for  the  eocene  many  toed  form 
named  Hyracotherium,  which  is  differentiated 
"  as  the  representative  of  a  peculiar  family — 
the  Hyracotheriids."  Objection  is  also  made 
"  to  the  assumption  that  the  early  represent- 
atives of  the  equine  phylum  were  striped  like 
a  zebra.  »  »  ♦  The  evidence,  such  as  it  is, 
is  against  the  assumption." 

Non-education  of  the  young  by 

parents. 

Science  (new  series),  xix.  No.  492,  June  8, 
1904,  pp.  8H1, 862. 
In  connection  with  pending  discussions, 
attention  is  called  to  the  "annual  fishes"  of 
the  family  of  Gobies  known  as  Aphya  pellu- 
cidaand  CrystaUogabiusnUssonii.  The  parents 
die  when  the  breeding  season  is  over,  and  con- 
sequently the  young  have  no  care  takers  or 
exemplars.  An  analogous  instance  is  fur- 
nished by  the  salmons  of  the  genus  Oncorhyn- 
chus,  the  parents  dying  soon  after  their  pro- 
creative  duties  have  been  discharged.  As  all 
the  parents  die';  "  the  young  can  not  have  the 
benefit  of  parental  instruction  or  of  learning 
through  association  with  their  elders." 

The  name  mammal  and  the  idea 


expressed. 

Bep.  Smithsonian  Inst..  1903  (1904),  pp. 
687-^544. 
The  main  portion  of  *'  The  story  of  a  name — 
mammals^"  published  by  the  author  in  the 
Popular  Science  Monthly  for  September,  1902, 
are  embodied  in  the  present  article,  but  much 
additional  matter  and  literary  illustrations 
are  intercalated  and  added. 

GIRTY,  George  H.     TriticUes,  a   new 
genus  of  Carboniferous  foraminifers. 
Am.  Joum.  Sci.,  XVI I,  Mar.,  1904,  pp.  284- 
240,  text  figures. 
Calls  attention  to  the  American  so-called 
FumUina,  that  they  have  not  the  interior 
structure  of  the  Russian  genus,  and  therefore 
proposes   TriticUes  for  the  American  form 
passing  as  Pusulina  cylindrica.    This  should  be 
called  Triticites  secalicus  S&y. 


New  molluscan  genera  from  the 

Carboniferous. 

Proc.  U.  S.  Nat.  Mus.,  xxvii,    No.   1372, 
June  1,  1904,  pp.  721-736,  pis.  45-47. 

This  paper  defines  the  new  genera  Limipec- 
ten,  HeiirophoreRUt  and  Clavulites.  Also  the 
new  species  L.  texanus,  L.  texanus  grandicos- 
tatus,  P.  papulosa,  and  C  howardentis.  The 
genu?*  Orthoietcs  Fif*cher  de  Waldheim  proves 
to  be  the  same  structurally  as  Waagen^s  later 
proposed  Derbya,  and  the  latter  is,  therefore, 
a  synonym.  For  Waagen's  redefinition  and 
misinterpretation  of  Orthothetes,  the  present 
author  proposes  the  new  name  Schuchertdlay 
using  as  his  genotype  StrcptorhynchM  lent 
White. 
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GRABAU,  Amadeus  W.  Phylogeny  of 
Fu9us  and  its  allies. 

SmUhsonian  Misc.  Colts.,  XLIV,  1904,  pp. 
1-192,  pis.  i-xviii,  and  text  figs. 

As  the  title  indicates,  this  important 
work  treats  of  the  phyl<^:eny  of  Fusus  and 
Its  allies.  New  genera  described:  Falsi/n- 
sus,  Fitlgurqfiuus,  Heilprinia,  davellqfusus, 
RhopalUhes,  and  CosmolUhes.  Of  new  spe- 
cies and  new  varieties,  many  are  described. 

HOLMES,  \ViLLiA.M   H.     Fossil  human 

remains  found  near  Lansing,  Kansas. « 

Am.  Anthropologist  (new  series),  iv,  No. 4, 

Oct.-Dec.,  1902,  pp.  743-762,  2  pis.,  2  text 

figs. 

Traces  of  aboriginal  operations  in 

an  iron  mine  near  Leslie,  Missouri. 

Am.  Anihropologist  (new  series),  v,  No.  3, 
July-Sept..  1908.  pp.  503-507,  1  pi.,  2  text 
figs. 

Shell  ornaments  from  Kentucky 

and  Mexico. 

Smithsonian  Misf.  OoUs.,  XLV,  Quar.  is- 
sue, I,  pts.  1.  2,  Dec.  9,  1908,  pp.  97-99, 
pK  XXIX,  XXX,  1  text  fig. 

Report   on    the    Department    of 

Anthropology  for  the  year  1900-1901. 
Rep.  Smithsonian  Jnsi.  (U.  S.  Nat.  Mus.), 
1901  (1903),  pp.  51-61. 

Flint  implements  and  fossil  re- 
mains from  a  sulphur  spring  at  Afton, 
Indian  Territory. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 
1901  (1903).  pp.  233-252,  pis.  1-26. 

Classification  and  arrangement  of 

the  exhibits  of  an  anthropological  mu- 
seum. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 
1901  (1903),  pp.  258-278,  pi.  1. 

Report  on  the  Department  of  An- 


thropology for  the  year  1901-1902. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 
1902  (1903),  pp.  53-58. 

Aboriginal  pottery  of  the  Eastern 

United  States. 

toth  Ann.  Rep.  Bureau  Am.  Ethnology, 
1898-99  (1908),  pp.  1-201, 177  pis.,  79  text 
figs. 

(See  also  under  Frederick   W. 


Trce.) 

HOUGH,  Walter.  Archeological  field 
work  in  northeastern  Arizona.  The 
Museum-Gates  Expedition  of  1901. 

Rep.  Smithsonian  Inst.  (U.  8.  Nat.  Mus.), 
1901  (1908),  pp.  279-358,  pis.  1-101. 

«ThIa  title  was  not  received  in  time  to  permit  of 
year. 
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A  report  on  the  extensive  excavation  made 
in  the  ancient  pueblo  ruins  of  northeastern 
Arizona  during  the  summer  of  1901,  with  de- 
scriptions and  discussion  of  the  artefacts  col- 
lected. 

HOWARD,  Leland  O.    The  shade  trees 
of  Washington. 

The  Capital,  Oct.  10,  1908,  pp.  14, 15.    Por- 
trait. 
An  account  of  Washington  sliade  trees  and 
their  management,  with  suggested  improve- 
ments, mainly  from  the  standpoint  of  insect 
damage 

Yellow  fever  and  mosquitoes. 

Ctntury  Magazine,  LXVI,  No.  6,  Oct.,  1908, 
pp.  851-857, 10  figs.,  1  map. 

Hydrocyanic    acid    gas    against 

household  insects. 

Public  Health  Reports,  Public  IleaUh  and 
Marine- Hospital  Service,  xviii,  No.  46, 
Washington,  Nov.  18, 1903, pp.  1977-1982. 

The  Mexican  cotton  boll  weevil. 

Science  (new  series),  xviii,  No.  465,  Nov. 
27.  1903,  p.  693. 

Concerning  the  geographic  distri- 
bution of  the  yellow-fever  mosquito. 
Public  Health  Rqyorts,  Public  Health  >  nd 
Marine- Hospital  Service,  xviii,  No.  46, 
Nov.,  1903,  pp.  1-7, 1  map. 

The  Moth  Book.     Review  of  W. 


J.  Holland's  work  of  this  title. 

Science  (new  series^,  xix,  No.  474,  Jan  29, 
1904.  pp.  188, 189. 

Sending  insects  through  the  mails. 

Ent.  News,  xv,  No.  1,  Jan.,  1904,  pp.  25,  26. 
An  account  of  a  revision  of  the  U.  S.  Postal 
Regulations. 

The  Mexican  cotton  boll  weevil. 

Am.  Review   of  Raicws,  xxix,   No.  169, 
Feb.  1, 1904,  pp.  188-191,  4  figs. 

The  Mexican  cotton  boll  weevil. 

Youths*  Companion,  Feb.  4, 1904,  pp.  55,56, 
5  figs. 

A  monograph  of  the  Culicidre  of 

the  world.    A  review  of  Volume  IH  of 
F.  V.  Theobald's  work  of  this  title. 
Science  (new  series),  xix,  No.  478,  Feb. 
26,  1904,  pp.  333.  834. 

[Review  of]   Monograph  of  the 

British  Coccidse,  by  Robert  Newstead. 
Am.  Journ.  Sci.,  x  vii,  Feb.,  1904,  pp.  81,  82. 

■  The  transmission  of  yellow  fever 


by  mosquitoes. 

.%th  Ann.  Rep.  Ent.  Soc.  Ontario,  Mar.  10, 
1904,  pp.  26-30. 

its  insertion  in  the  Bibliography  for  the  preceding 
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HOWARD,  Leland  O.     Recent  work  in 
American  economic  entomology. 

SUh  Ann.  Jirp.  Ent.  Soc.  Ontario,  Mar.  10, 
1901,  pp.  38-40. 

Some  miscellaneous  results  of  the 

work  of  the  Division  of  Entomology. 
BuU.  Div.  Ent.,  U.  S.  Depi.  Agrlc,  No.  44, 
Apr.  15, 1904. 
These  are  all  unsigned  notes  and  articles. 

[Review  of]   Monograph   of  the 


British  Tyroglyphidte,  by  A.  D.  Mi- 
chael. 

Am.  Joum.  i<ci.,  xvil,  May,  1904,  pp.  407, 
408. 

The  United  States  Department  of 


Agriculture  and  Silk  Culture. 

Yearbook  V.  S.  Dept.  Agric.,  1903,  pp.  137- 
148,  6  plates. 
(Author's  extras  published  June  9,  1904.) 

HRD]^i6ka,  Ales.  Anomalous  articu- 
lation and  fusion  of  the  atlas  with  the 
occipital  bone.     Abstract. 

Washington   Medical  Annals,  iii,  No.  1, 
Mar.,  1904,  pp.  [1],  [2]. 

Further  instances  of  parietal  divi- 
sion. 

Am.  Naturalist,  xxxvili.   No.  448,  Apr., 
1904,  pp.  301-309,  4  figs. 

Further  instances  of  molar  divi- 
sion. 

Am.  Naturalist,  xxxviii.  No.  449,  May, 
1904,  pp.  361-366,  5  figs. 

HYATT,  Alpheus.  Pseudoceratites  of 
the  Cretaceous. 

Monograph  U.  S,  Qeol.  Surv.,  xliv,  1903, 
pp.  1-351,  pis.  1-47. 
This  important  monograph  treats  of  a  large 
group  of  ammonites,  the  Pseudoceratites,  from 
all  parts  of  the  world.  Quite  a  number  of  the 
species  described  and  figured  are  now  in  the 
U.  S.  National  Museum  collection. 

JENINGS,  Foster  H.  Korean  head- 
dresses in  the  National  Museum. 

Smithsonian  Misc. Colls.,  xlv,  Quar.  issue, 
I,  pts.  1,  2,  Jan.  7.  1904,  pp.  149-167,  figs. 
3-28. 
This  young  author,  whose  premature  death 
is  greatly  deplored,  finding  that  the  hat  is  con- 
nected with  rank  and  custom  to  a  large  ex- 
tent in  Korea,  brought  together  in  a  series  of 
drawings  the  various   types    of    headgear, 
showing  their  significance  and  varieties. 

JORDAN,  David  Starr,  and  FOWLER, 
Henry  W.  A  review  of  the  Cyprinoid 
fishes  of  Japan. 

Proc.  U.  S.  Nat.  Mus.,  xxvi.  No.  1334,  July 
6,  1903,  pp.  811-862,  figs.  1-8. 


JORDAN,  David  Stark,  and  FOWLER, 
Henry  W.  A  review  of  the  Siluroid 
fishes  or  catfishes  of  Japan. 

Proc.  U.  S.  Nat.  Mus.,  xxvi.  No.  1338,  July 
7,  1903,  pp.  897-911,  figs.  1,  2. 

JORDAN.  Davids., and  SNYDER,  John 
0.  On  the  species  of  White  Chimsera 
from  Japan. 

Proc.  U.  S.  Nat.  Mus.,  xxvii,  No.  1356,  Jan. 
23,  1904,  pp.  223-226.  figs.  1,  2. 

On  a  collection  of  fishes  made  by 

Mr.  Alan  Owston  in  the  deep  waters  of 
Japan. 

Smithsonian  Misc.  Colls.,  xlv,  Quar.  issue, 
I,  pts.  3,  4,  Apr.  11, 1904.  pp.  230-240. 

Notes  on  collections  of  fishes  from 


Oahu  Islandand  Toysan  Island,  Hawaii, 
with  descriptions  of  four  new  species. 
Proc.  U.  S.  Nat.  Mus.,  xxvii,  No.  1877, 
June  2,  1904,  pp.  939-948. 

JORDAN,  David  S.,  and  STARKS,  Ed- 
win Chapin.  a  review  of  the  fishes  of 
Japan  belonging  to  the  family  of  Hexa- 
grammidse. 

Proc.  U.  S.  Nat.  Mus.,  xxvi,  No.  1348,  July 
15,  1903,  pp.  1003,  1013,  figs.  1-3. 

A    review   of    the    Scorpsenoid 

fishes  of  Japan. 

Proc.  l\  S.  Nat.  Mus.,  xxvii.  No.  IS-M. 
Jan.  22,  1904,  pp.  91-175,  pis.  1,2,  text 
figs.  1-21. 

A  review  of  the  Cottidce  or  Scul- 


pins  found  in  the  waters  of  Japan. 

Proc.   U.  S.  Nat.  Mus.,  xxvii.  No.  1358, 
Jan.  28, 1904,  pp.  231-335,  figs,  1-43. 

A  review  of  the  Japanese  fishes  of 


the  family  of  Agonidse. 

Proc.  U.  S.  Nat.  Mus.,  xxvii,  No.  1365, 
Feb.  23,  1904,  pp.  575-599,  figs.  1-13. 

Description  of  a  new  Cyprinoid 

fish,  Hcmibarbm  joiteniy  from  the  Pel 
Ho,  Tientsin,  China. 

Smithsonian  Misc.  Colls.,  xlv,  Quar.  issue, 
I,  pts.  3,  4,  Apr.  11,  1904,  pp.  241,242. 

Schmidtinaf  a  genus  of  Japanese 

sculpins. 

Proc.  V.  S.  Nat.  Mus.,  xxvii,  No.  1381, 
June  27, 1904,  p.  %1. 

LUCAS,  Frederic  A.  A  new  batra- 
chian  and  a  new  reptile  from  the  Trias 
of  Arizona. 

Proc.  V.  S.  Nat.  Mus.,  xxvii.  No.  1353, 

Jan.  22, 1904,  pp.  193-195,  pis.  8,  4. 

Describes  Metoposaurusfraasi,  a  new  speeie» 

of  labyrinthodont,  and  Piacerias  hesiernus,  a 

new  genus  and  species  of  large  cotylosaurian 

reptiles. 

Digitized  by  VjOOQ IC 


BIBLIOGRAPHT. 


176 


LUCAS,  Frederic  A.  The  Dinosaur 
Drcichodon  anneciens.        ^ 

Smithwnian  Mite.  CoUs.,  XLV,  Quar.  issue, 

I,  pts,  3.  4.   Apr.  11,  19W,  pp.  317-820, 

pis.  LXXII-LXXlll,  figs.  40-43. 

A  Bomewhat  popular  account  of  this  dino- 

mur,  its  relationships  and  habits,  and  of  the 

skeleton  on  exhibition  in  the  U.  8.  National 

Museum. 

1^  YON ,  Marcus  \V  a  rd,  Jr.  Classification 
of  the  hares  and  their  allies. 

SmUhmnian  Misc.  CctU.  XLV,  Quar.  issue, 

I.  pto.  3,  4,  June  15.  1904,  pp.  321-147, 

pis.  LXXIV-C. 

A  revision  of  the  genera  and  subgenera  of 

the  families  Leporldaand  Ochotonidse,  based 

on  their  oeteological  and  dental  characters. 

New  genera;  Pronolagtis  (p.  416)  and  Pentala- 

gu*  (p.  428);  new  sut^enera,  P(tcilolagu9  (p. 

396),  new  subgenus  of  Ltpus,  and   Conothoa 

(p.  438),  new  subgenus  of  Or.hotona. 

McDOUGAL,  D.  T.  (See  under  Fred- 
erick Vernon  Coville. ) 
MKiREGOR,  Richard  C.  Birds  from 
Benguet  province,  Luzon,  and  from  the 
islands  of  Lubang,  Mindoro,  Cuyo,  and 
Cagayancillo. 

BuU.  Philippine  Musmm,  No.  3,  Jan.  30, 
1904.  pp.  1-16. 
Notes  on  birds  collected  on  the  above- 
named  islands  for  the  Philippine  Museum. 
The  notes  are  arranged  under  the  following 
headings:  Introductory  note;  Zoographical 
notes:  Undescribed  plumages  and  notes  on 
the  rarer  species;  New  locaties  for  known 
species:  and  species  from  Irisan,  Benguet 
Province.  Luzon. 

. The  birds  of  Calayan  and  Fuga, 

Babuyan  group. 

Bull.  Philippine  Museum,  No.  4,  May  15, 
1904,  pp.  1-34,  pis.  1-5. 
An  annotated  list  of  the  species  collected 
on  the  islands  of  Calayan  and  Fuga  for  the 
Philippine  Museum.  The  following  are 
described  as  new:  Tumix  tporcetteri  (p.  8), 
Maeropygia  phxa  (p.  9),  Olm  cmpensis  (p.  17), 
OftM  calayensit  (p.  lH),  Eudynamit  f rater  (p. 
21),  Zosterops  Jtavisrima  (p.  26),  and  Hyloterpe 
JoOax  (p.  27). 

M ARSH ALL, William B.  JamesSmith- 
8on. 

Am.  Joum.  Pharmacy,  Lxxvi,  No.  4,  Apr., 
1904,  pp.  162-171. 
A  sketch  of  the  life  of  the  founder  of  the 
Smithsonian  Institution. 

MASON,  Otis  TcFTON.  Aboriginal  Amer- 
ican Basketry:  Studies  in  a  textile  art 
without  machinery. 

Xep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.). 
1902  (1904),  pp.  171-648.  pis.  1-248. 


MASON,  Otis  Tufton— Continued. 

The  design  of  this  work  is  to  study  out  the 
processes  of  weaving  and  other  forms  of  tex- 
tile work  done  by  hand  in  America  by  the 
aboriginal  tribes.  These  processes  antedate 
machinery,  and  some  of  the  primitive  devices 
connected  with  the  Indian  handwork  led  up 
to  the  first  looms.  The  materials  for  basket 
work  are  enumerated,  the  processes  of  manu- 
facture described  and  illustrated,  and  the  sub- 
ject of  ornamentation,  in  form  and  design, 
discussed.  Symbolism  Is  shown  to  have  fol- 
lowed the  other  arts  in  motives,  but  to  have 
taken  on  special  details  by  reason  of  technic. 
The  many  uses  of  basketry  occupy  a  large 
part  of  the  work,  which  closes  with  a  discus- 
sion of  the  subject  in  its  ethnic  relationship. 

MAXON,  WiLLLAM  R.  Notes  on  the 
birds  of  Madison  County,  New  York, 
with  especial  reference  to  Embody's 
recent  list. 

Auk,  XX,  No.  3,  July,  1908,  pp.  262-266. 
Notes  on  36  species,  intended  to  supple- 
ment the  "Birds  of  Madison  County,  New 
York,"  by  G.  C.  Embody. 

A  fern  new  to  the  United  States. 

Torreya,  in,  Dec.  22, 1903,  pp.  184, 185. 
Records  the  occurrence  of  Aspleninm  auri- 
tnm  Sw.  in  Florida. 

Two  new  ferns  of  the  j?enus  Poly- 
podium,  from  Jamaica. 
Proc.   V.  S.  Nat.  Mus.,  xxvii.  No.  1374, 
May  21. 1904,  pp.  741-744. 
P.  rigens  and  P.  aromatictim  are  described 
as  new. 

A  new  fern,  Goniophlebiumpringlei^ 

from  Mexico. 
*  Proc.  v.  S.  yal.  Mus.,  xxvii.  No.    1379, 

June  27,  1904,  pp.  953-954,  pi.  48,  1  text 
fig. 

MAYNARD,  George  C.  Notes  on  the 
manufacture  of  small  arms  for  the 
United  States  Army  in  Government 
arsenals  and  by  private  makers. 

Sjyorting  Goods  Dealer,  St.  Louis,  Mo.,  Jan., 
1904,  IX,  No.  4,  pp.  36-39. 

MERRILL,  George  P.  On  the  glacial 
pothole  in  the  National  Museum. 

Smithsonian  Misc.  Colls.,  XLV,  Quar.  Issue 
I,  pts.  1  and  2,  Dec.  9,  1903,  pp.  100-103, 
ipl. 
The  above  describes  briefly  the  mode  of  oc- 
currence and  the  method  of  extraction  of  a 
large  glacial  pothole  found  at  Georgetown, 
Maine,  and  obtained  In  1893  for  the  U.  8. 
National  Museum. 

Report  on  the  Department  of  Geol- 
ogy for  the  year  1900-1901. 

Pep.  Smithsonian  Inst.  (U.  8.  Nat, 
1901  (1903),  pp  81-91. 


Mus.),. 
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MERRILL,  George  P.  Report  on  the 
Department  of  Geoloj?y  for  the  year 
1901-1902. 

Rep.  Smilhsonian  Tnst.  {U.S.  Nat.  Mus.), 
1902  (1903),  pp.  77-84. 

The   I   Nonmetallic    minerals.    | 

Their  occurrence  and  uses  |  By  |  George 
P.  Merrill,  |  Head  Curator  of  Geology 
in  the  U.  8.  National  Museum,  and 
Professor  of  Geology  in  the  CJorcoran 
Scientific  School  of  Columbian  Univer- 
sity, I  Washington,  D.  C,  Author  of 
"Stones  for  Building  and  Decoration," 
I  "Rocks,  Rock- weathering,  and 
Soils,"  etc.  I  First  edition  |  First  thou- 
sand I  New  York:  |  John  Wiley  & 
Sons.  I  London:  Chapman  &  Hall, 
Limited.  |      1904. 

8vo.,  pp.  i-xi,  1-414,  pis.  i-xxx,  text  figs. 

1-28. 

This  work,  as  its  title  suggests,  is  practically 

a  revised  edition  of  the  handbook  and  cata- 

\ogUG  of  the  nonmetallic  minerals,  published 

by  the  National  Museum. 

(See    also    under  Frederick  W. 


True.) 
MILLER,  Gerrit  S.,  Jr.     A  new  Nata- 
line  bat  from  the  Bahamas. 

Proc.  Biol.  Soc.  Wa$h.,  xvi,  Sept.  80, 1903, 
pp.  119,120. 
ChUonataltis  lumidifrong,  p.  119. 

'  Seventy  new  Malayan  mammals. 

Smithsonian  ifi9C.  Colls.,  XLV,  Quar.  isssue 
I,  pts.  1, 2,  Nov.  6, 1903.  pp.  1-73,  pis.  I-XIX. 
Tragulns  6a<«an«»(p.  2),  Tragtilns  rnssnlus 
(p.  3),  Ratttjaintngnis  (p.  4),  RcUufa  contpicua 
(p.  5),  Ratufa  balte  (p. 6),  Ratuja  masas  (p. 7), 
RcUufa  piniensis  (p.  8),  Seiunif  bilimitatnt 
(p.S),Scinrti$p€monffil€ns{8{p.9),Scitmtsaoris 
(p.  10),  Sciurns  pcninsularis  (p.. 10),  Sciunis 
pannmnanus  (p.  11),  Sciunis  icleriats  (p.  12), 
Sciurii$atratu8  (p.  13),  Sciuruspinienais  (p.  14), 
Sciuru^  balx{p.  14),  SHurus  pumilus  (p.  15), 
Sciurua  lancaveim*  (p.  16),  Sciurun adangentia 
(p.  17),  Sciiinis  8ulUvami$  (p.  17),  Sciurus 
domelicus  (p.  18),  Scinrus  bentincanus  (p.  19), 
Sciurtis  matthxu8{p.  19),  Sciurus  lucas  (p.  20), 
Sciurus  casatsis  (p.  20),  Sciurus  cUtinsftlaria 
(p.  21),  Sciurus  rubcculus  (p.  22),  Funambulus 
obeatrus  (p.  23),  Funambulus  rostratus  (p. 24),  i 
Funambulus  peninsulx  (p.  25),  Sciuropterus 
msnens  (p.  26),  Pctanrista  baiuana  (p.  27), 
Mus  stridena  (p.  28),  Mus  matlhxus  (p.  29),  Mus 
stridulus  (p.  29),  Jlf««  lucas  (p.  30),  Mus  socca- 
ttis  (p.  30),  Mus  maste  (p.  32).  Mus  baUr  (p.  33), 
Mus  liigcns  (p.  33),  Mus  julianus  (p.  34),  Mus 
gilhii enter,  (p.  85),  Mus  luleolus  (p.  36),  Mus 
umbridorsum  (p.  37),  Mus  cascnsis  (p.  3H),  Mus 
domelicus  ( p.  Z9),  .Vus  pagmsis  {p.2Q),  Cfiirop- 
odomys  niadis  (p.  40),    Athcrura  zygomatica 


MILLER,  Gerrit  S.,  Jr. — Continued. 

(p.  42),  Ilemigale  minor  (p.  43),  Paradoxurut 
lignicolor  (p. 44) ,  Galcopiihecns  pumilus  (p.  46), 
OaleopHhecus  aoris  (p.  47),  GaUopithectts  graei- 
lis  (p.  49),  QnleopUhecus  nattmse  (p.  50),  OaUo- 
pitheais  scUurattis  ( p.  51 ) ,  Galeopithtcus  tuancus 
(p.  53) ,  Tupaia castanea  ( p.  54) ,  TupaiapuUmis 
(p.  56),  Tupaia tephrura  (p.  bl),  Tupaia  chryso- 
gaster  {p.b^),  Tupaiaccrvicalis{p.5i9),Pteropua 
gemiiwrtim  (p.  60),  Macacus  pagcnsis  (p.  61), 
Macacus  phstura  (p.  63),  Presbytes  rhioni* 
(p.  64),  Presbytes  batuantis  (p.  65),  Simias  gen. 
nov.  (p.  66),  Simias  concolor  (p.  67),  Sympha- 
langus  klossii  (p.  70). 

A  new  hare  from  Greece. 

Proc.  Biol.  Soc.  Wash.,  XVI,  Nov.  12, 1903. 
pp.  145, 146. 
Lcpus  pamassius  (p.  145). 

A  new  squirrel  from  Lower  Siam. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  12, 1903, 
pp.  147, 148. 
Sciurus  novemlineatus  (p.  147). 

Descriptions  of  two  new^  Mole  Rats. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  80,  1903. 
pp.  161-164. 
Spalar  doWrogex  (p.  161);  Spalar  bcrytensis 
(p.  162). 

A  second  specimen  of   Etidfrma 

maculatum. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  30,  1908, 
pp.  165, 166,  fig.  1. 
Records  the  second  specimen  of  this  bat, 
from  Mesilla  Park,  New  Mexico,  September, 


Notes  on  the  bats  collecte<l  by 

William  Palmer  in  Cuba. 

Proc.   U.  S.  Nat.  Mm.,  xxvii.  No.  1169. 
Jan.  28,  1904,  pp.  887-848,  Plate  IX. 
An  annotated  list  of  fifteen  species. 

The   species  of    Geum   occurring 

near  Washington. 

Proc.  Biol.  Soc.  Wash.,  xvii,  Apr.  9, 1904, 
pp.  191,192. 

MILLER,  Gerrit  S.,  Jr.,  and  REHN, 
James  A.  G.  Systematic  results  of  the 
study  of  North  American  land  mammals 
during  the  years  of  1901  and  1902. 

Proc.  Boston  Soc.  Nat.  His.,  xxxi,  Aug.  27, 
1903,  pp.  61-146. 
List  of  additions  and  alterations  made  dur- 
ing the  two  preceding  years. 

MOORE,  Clarence  B.  The  so-called 
"hoe-shaped  implement." 

Am.  Anthropologist  (new series),  v,  No.  3, 
July-Sept.,  1903.  pp.  498-502,  6  text  figs. 
A  discussion  of  an  aboriginal  hoe-shaped 
implement  found  in  the  United  States,  in 
which  a  ceremonial  adz  from  Cook  Islands, 
belonging  to  the  U.  S.  National  Museum,  is 
figured  and  described. 
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XEEDHAM,  James  G.  New  Dragon-fly 
nymphs  in  the  Unit€<i  States  National 
Museum. 

Pror.  r.  S.  Nat.  Mm.,  xxvn.  No.  1371, 
May  20,  1904, pp. 685-720,  text  fig8.  1-11: 
plfi,  XXXVIII-XLIV. 

NELSON,  E.  VV.  Descriptions  of  new 
birds  from  southern  Mexico. 

Proc.  BioL  Soc.  Wash.,  xvi,  Nov.  30,  1903, 
pp.  161-159. 
New  birds  are  described  as  follows:  Geo- 
trygon  aXblfadai  rubida  (p.  151),  Dactyltrrlyx 
thoracintf  sharpei  (p.  152),  Symium  occideiUalr 
lucidum  (p.  152),  Xiphocolaptes  emigrans  otnil- 
ttmmsis  (p.  163),  Oyanolyca  mirabilis  (p.  154). 
Aphdocoma  guerra-eMis  (p.  154),  Vireolanius 
melitophrytgoldmani  (p.  155),  Geothlypis  chup- 
alengit  (p.  156),  ThryophUus  sinaloa  riissens 
(p.  157),  Troglodytes  brunneicnUis  nitidus  (p. 
158),  HenicoThina  leucophryg /estiva  (p.  158), 
Hemiura  ieucogastra  mufica  (p.  169),  and 
SkUia  mexicana  auMralis  (p.  169). 

A  revision  of  the  North  American 

mainland  species  of  Myiarchus. 

Proc.  Biol.  Soc.  Wash.,  xvn,  Mar.  10,1904, 
pp.  21-50,  fig.  1. 
Two  subgenera  {Myiarchus  and  Onychojtte- 
rus)  with  nineteen  species  and  subspecies  are 
here  recognized.  All  are  minutely  described, 
and  three  subspecies  are  named  for  the  first 
time,  viz:  Myiarchus  laicrencei  bangsi  (p.  46), 
m.  /.  querulus  (p.  47),  and  m.  I.  tresmari» 
(p.  49). 

NORTON,  C.  A.  Q.  The  lights  and 
lamps  of  early  New  England. 

Connecticut  Magazine,  viii,  1903.  No.  1,  pp. 

95-100,  5  figs.:  No.  2,  pp.  248-255,  6  figs. 

A  series  of  articles  appearing  at  intervals 

tince  Feb.-Mar.,  1903,  based  on  the  collections 

of  the  r.  S.  National  Museum  and  the  private 

collections  of  Doctor  Norton. 

NUTTING,  Charles  Cleveland.  Smith- 
sonian Institution.  |  United  States  Na- 
tional Museum.  —  Special  Bulletin. f— 
American  Hydroids.l— [Part  II.  |  The 
Sertularidae,  |  with  forty-one  plates.  | 
By  I  Charles  Cleveland  Nutting,  |  Pro- 
fessor of  Zoology,  University  of  Iowa.; — 
Washington:  |  Government  Printing 
Office.  I  1904. 

Special  Bulletin,    U.  S.   Nat.  Mus.  No.  4 
(Part  II),  June  24.  1904,  4  to  pp.  1-325, 
pis.  1-41,  text  figs.  1-139. 
A  continuation  of  the  monograph  of  Ameri- 
can hydroids,  the  first  part  of  which,  the 
Plumularidx,  appeared  in  1900.    Under  the 
heading  "Morphology,"    the    Trophosome, 
Gonoj)ome,Gonangium,  and  the  Development 
of  the  Scrtnlaridae  are  separately  treated.  Un- 


NUTTING,  Charles  Cleveland— Con. 
der  the  Systematic  Discussion  keys  are  given 
to  the  genera  and  species.  Cue  hundred  and 
thirty-one  species  representing  10  genera  are 
described;  many  species  are  new. 

OBERHOLSER,  Harry  C.  The  North 
American  forms  of  Astragalinus  psaltria 
(Say). 

Proc.  BioL  Soc.  Wash.,  xvi.  Sept.  30,  1903, 
pp.  113-116. 
Two  forms  only  of  this  species  are  recog- 
nized from  North  America,  true  A.  psaltria 
and  A.  p.  hesperophilus,  the  latter  new.  A.  p. 
arizonse  and  A.  p.  mexicana  are  shown  to  t>e 
equivalent  to  true  A.  psaltria. 

Description  of  a  new  Telmatodytfs. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  12.  1903, 
pp.  149. 150. 
Telmatodytes  palustris  thryophilus  (p.  149),  is 
described  as  new,  from  the  coast  region  of 
Louisiana  and  eastern  Texas. 

A  revision  of  the  American  Great 


Horned  Owls. 

Proc.  U,  S.  Nat.  Mus.,  xxvii,  No.  1352,  Jan. 
22, 1904,  pp.  177-192. 
A  study  of  over  200  specimens  of  Asio  {Bubo 
of  recent  authors),  from  various  parts  of 
America,  has  enabled  the  author  to  recognize 
sixteen  forms,  all  subspecies  of  A.  mageUani- 
cus  (Gmelin).  The  following  are  described 
as  new:  Asio  magellanicus  mesembrinus 
(p.  179),  A.m.  melanccrus  (p.  180),  ^.  m.  icdus 
(p.  185),  A.  m.  lagophonus  (p.  185),  A.  m.  hetcr- 
ocnemis  (p.  187),  and  A.  m.  algisius  (p.  190). 

A  review  of  the  wrens  of  the  genus 

Troglodijtes. 

Proc.  U.  S.  Nat.  Mus.,  xxvii.  No.  1354,  Jan. 
23,  1904.  pp.  197-210.  pi.  V. 
Thirty-seven  species  and  sut>species  of  Trog- 
lodytes are  here  recognized,  of  which  the 
following  are  described  as  new:  Troglodytes 
muscnlus  acosnius,  p.  204,  T.  m.  atopus,  p.  207, 
and  T.  m.  enochrns,  p.  207.  A  new  generic 
name,  Thryorchilus,  p.  198,  te  proposed  for 
Troglodytes  brovmi  Bangs. 

Description    of   a    new    African 

weaver-bird. 

Proc.  U.  S.  Nat.  Mus.,  xxvii.  No.  1370,  Apr. 
13,  1904.  p.  683. 
Philetairns  cabanisi  eiichorus,  collected  in 
Somali  Land  by  Dr.  A.  Donaldson  Smith,  is 
described  as  a  new  subsi>ecies. 

Description  of  two  new  birds  from 

Somali  Land. 

Proc.  V.  S.  Nat.  Mus.,  xxvir.  No.  1378,  May 
21,  1904,  pp.  737-739. 
Merops  superciliosus  donaldsoni,  p.  737,  and 
Polihierax  semttorquatus  homopterus,  p.  738, 
are  described  as  new. 
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ORTMANN,  A.  E.  [Review  of]  The 
cosmopolitan  character  of  the  deep-sea 
fauna. 

Science  (new  series),  xix,  No.  491,  May 27, 
1904,  pp.  827,  828. 
A  review  of  a  paper  with  the  above  title 
read  before  the  Academy  of  Science  and  Art 
of  Pittsburg,  Feb.  2,  1904.    The  paper  is  based 
on  a  small  collection  of  deep-sea  schizopoda 
from  the  Hawaiian  Islands,  collected  by  the 
U.  8.  Bureau  of  Fisheries  steamer  Alhntroas,  I 
and  now  belonging  to  the  U.  8.  National  , 
Museum. 

PHALEN,  William  C.  Notes  on  the 
rocks  of  Nugsnaks  Peninsula  and  its 
environs,  Greenland. 

Smithsonian    Misc.     Colls.,    xlv,    Quar. 
issue,  I,  pts.  1,  2.  Jan.  7,  1904,  pp.  183- 
212,  3  pis. 
Describes  the  rocks  of  the  peninsula,  their 
mineral  composition,  microscopic  structure, 
and  chemical  composition.    An  attempt  is 
also  made  to  classify  them  by  the  method 
suggested  by  Messrs.  Cross,  Iddings,  Wash- 
ington, and  Pirsson. 

A  new  occurrence  of  unakite. 

Smithsonian    Misc.    Colls.,     xlv,     Quar. 
issue,  I,  pts.  3,  4,  Apr.  11,  1904,  pp.  306- 
316.  3  pis. 
The  paper  describes  an  interesting  occur- 
rence of  the  epidotic  granite,  such  as  was  first 
named  unakite  by  Bradley,  and  which  here 
occurs  as  a  contact  rock  in  connection  with 
more  basic  eruptives. 

PRENTISS,  Daniel  Webster.  Descrip- 
tion of  an  extinct  mink  from  the  shell 
heaps  of  the  Maine  coast. 

Proc.  U.  S.  Nat.  Mas.,  xxvr,  No.  1336, .July 

6, 1903,  pp.  887,  888.  1  text  fig. 
Latreola  macrodon  ( p.  888) . 

RATHBUN,  Mary  J.  A  preoccupied 
crab  name. 

Proc.  Biol.  Soc.  Wash.,  xvii,  Apr.  9,  1904, 
p.  102. 
Mclia  Latreille,  in  common  use,  should  be 
superseded  by  Lpbia  Milne-Edwards. 

Decapod  crustaceans  of  the  North- 
west coast  of  North  America. 

JIarriman  Alaska  Expedition,  x,  Apr.  18, 
1904,  pp.  1-190,  pis.  i-x,  text  figs.  1-95. 
Based  on  material  collected  by  the  Harri- 
man  Expedition,  and  by  the  U.  S.  Bureau 
of  Fisheries,  Dr.  W.  H.  Dall  and  others. 
Descriptions  and  figures  of  all  the  little- 
known  species  are  given,  and  also  a  check 
list  of  all  the  species  of  the  region.  One 
species,  Bctaits  harrimani,  is  described  as  new. 


RATH  BUN,  Richard.  Report  upon  the 
condition  and  progress  of  the  U.  S. 
National  Museum  during  the  year  end- 
ing June  30,  1901. 

Rep.  Smithsonian  Inst.  (U.  8.  Nat.  Mus.), 

1901  (1903),  pp.  1-174. 

Report  upon   the  condition  an<l 

progress  of  the  U.  S.  National  Museum 
during  the  year,  ending  June  30,  1902. 

Hep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 

1902  (1903),  pp.  1-168. 

RAVENEL,\V.  de  C.  The  United  States 
Commission  of  Fish  and  Fisheries,  and 
its  exhibit  at  the  Louisiana  Purchase 
Exposition,  St.  Louis,  Mo.,  1904. 

8vo.,   pp.    1^54,    frontispiece.    (Press  of 
Gibson  Brothers,  Washington.  D.  C.) 

REHN,  James  A.  G.  Studies  in  Ameri- 
can mantids  or  soothsayers. 

Proc.   U.  S.  Nat.  Mus.,   xxvii.  No.  1364, 
Feb.  6,  1904,  pp.  561-574. 

Studies  in  old  world  forficulids  or 

earwigs,  and  blattids  or  cockroaches. 
Proc.   U.   S.  Nat.  Mus.,  xxvii.  No.  18«kJ, 
Feb.  16,  1904,  pp.  539-560. 

(See  also  under  Gerrit  S.  Mil- 


ler, Jr.) 
RICHARDSON,  Harriet.     Isopods  col- 
lected at  the  Hawaiian  Islands  by  the 
United  States  Fish  Commission  steamer 
Albatross. 

BuU.  V.  S.  Fish  Com.  for  1903,  Sept.  17, 
1903,  pp.  47-54,  text  figs.  1-8. 
Nine  species  were  collected,  of  which  four 
are  described  as  new  and  two  represent  new 
genera. 

Contributions  to  the  natural  his- 


tory of  the  Isopoda. 

Proc.  U.  S.  Nat.  Mus.,xxyu,  No.  1350,  Jan. 
19.  1904,  pp.  1-89.   text  figs.   1-92:    No. 
1369,  Apr.  18,  1904,  pp.  657-681.  text  figs. 
1-39. 
No.  1350  Includes  the  following:  An  intro- 
duction dealing  with  the  classification,  anat- 
omy, development,  habits,  distribution,  etc.. 
of  the  Isopoda;  and  four  systematic  papers 
bearing  the  subtitles: 

I.  Isopoda  collected  in  Japan  in  the  year 
1900  by  the  U.  S.  Fish  Commission  steamer 
Albatross,  and  in  the  year  1881  by  the  U.  S.  S. 
Palos. 

II.  Isopoda  collected  In  Japan  by  Jordan 
and  Snyder. 

III.  Two  new  Cymothoids  from  the  west 
coast  of  Central  America. 

IV.  American  Epicaridea. 


Digitized  by  VjOOQ IC 


BIBLIOGRAPHY. 


179 


RICHARDSON,  Harriet— Continued. 

No.  1369  compHsefl  two  papers  reprinted 
respectively  fmra  the  Hairiman  Alaska  Ex- 
pedition. Vol.  X,  and  from  the  Bulletin  of 
the  C.  S.  Fish  Ck^mmission  for  1908.  (See 
above,) 

The  whole  was  reprinted  as  a  separate  with 
paianation  i-ix,  1-113,  and  presented  as  a 
thesis  for  the  Doctorate  of  Philosophy  at  Co- 
lumbian University,  Washington,  D.  C,  19as. 

Isopod  crustaceans  of  the  North- 
west coast  of  North  America. 

Hnrriman  Atcuika  Erpedition,  x,  April  18. 
1904,  pp.  213-230,  text  figs.  96-117. 
Besides  the  Isopoda  of  the  Marriman  Expe- 
dition a  number  of  Califomian  species  arc  in- 
cluded.   Five  new  species  and   two   little 
known  are  described  and  figured. 

RICHMOND,    Charles    W.       Earliest 
name  for  the  American  crow. 

Proc.  Biol.  Soc.  Wash.,  xv,  Sept.  30,  1903, 
p.  125. 
Note  directing  attention  to  the  name  Conms 
brachyrhynchos  Brehm  as  antedating  Audu- 
bon's Corvut  americantis. 

Srolecophagus  preoccupied. 

Proc.  Biol.  Soc,  Wash.,  xvi,  Sept.  30, 1903, 
p.  128. 
ScoUeophagus  Swainson  is  shown  to  be  pre- 
occupied, and  Euphagus  Cassin  is  suggested 
for  use  in  its  stead. 

On  the  name  Eniconetta. 

Proc.  Biol.  Soc.  Wcish.,  xvi,  Sept.  30,  1903, 
p.  128. 
Potysticta  Eyton  is  suggested  as  the  proper 
name  for  the  genus  currently  known  as  Eni- 
conetta. 

[Review  of]  Sherborn's  ** Index 

Animalium.'' 

Auk,  XX,  No.  4.  Oct.,  1908,  pp.  448-450. 

[Review  of]  ** Index  Zoologicus.'* 

Auk,  XX,  No.  4,  Oct.,  1908,  pp.  450,451. 

RIDGWAY,   Robert.     Lophophanes  vs. 
Bieolophus. 

AKk,xx,  No.  3,  July,  1908,  p.  808. 
Note  showing  the  name  Lophophanes  to  re- 
fer to  the  old-world  Crested  Tits.    The  Amer- 
ican species  should  be  included  in  the  genus 
Birolophus. 

Description  of  new  genera,  species 

and  subspecies  of  American  birds. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Sept.  30. 1908, 
pp.  105-111. 
The  following  birds  are  here  briefly  diag- 
nosed: Budytes  flavus  alascensis  (p.  105),  Alo- 
pochelidon  (type,  Hinindo/ucata  Temminck) 
(p.  106),  Orochdidon  (type,  PeirocheUdon  ma- 
rina Cassin)  (p.  106),  IHplocheUdon  (type, 
Hintntin  vulanoleuca  Wted)  (p.  106),  Lampro- 
eheUdon  (type,  Hirundo  euchrysea  Gosse)  (p. 


'  RIDGWAY,  Robert— Continued. 

106),  Stelgidopteryx  salvini  {p.  107),  Vireosylm 
gilva  brewsteri  (p.  107),  V.joscpha  costaricensis 
(p.  107),  Vireo  httUoni  cognatus  (p.'My?),  V. 
hnttoni  niexicamta  (p.  107),  V.  beUii  arizonx  (p. 
108).  PachysUvia  ochraceicej}s  paUidipcctxis 
p.  108),  Vireolanius  putchelUis  vlridiceps  (p. 
108),  Laniits  ludovicianns  meamsii  (p.  108), 
Aphelocomaunicolorccelestis  (p.  108),  Bxolophus 
inomatus  restrictns  (p.  109),  B.  i.  murimis  (p. 
109),  PsalMparus  minimus  saturatus  (p.  109), 
Chamsra  fasciata  rvfula  (p.  109),  PolioptHa  nel- 
soni{p.  109),  P.  bairdi  (p.  110),  P.  superciliaris 
magna,  (p.  110),  Tclmalodytcs  palustris  iliacus, 
(p.  110)  and  Hdeodytcs  nclsoni  (p.  111). 

Diagnoses  of  nine  new  forms  of 

American  birds. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  80,  1903, 
pp.  167-169. 

Brief  descriptions  are  given  of  the  follow- 
ing new  species  and  subspecies:  Thryophilus 
pleurostictus  ravus  (p.  M7),  T.  modestus  puUus 
(p.  167),  Salpindes  obsoletus  notius  (p.  168), 
Hmicorhina  leucophrys  castanea  (p.  168),  H.  I. 
berlepschi  (p.  168),  H.  hUaris  bangsi  (p.  168), 
Cistothorus polyglotius  lucidus  (p.  169),  Salpinc- 
tes  obsoletus  exsul,  (p.  169),  and  S.  mactUatus 
(p.  169). 

RILEY,  J.   H.     A  new    subspecies   of 
night  hawk  from  the  Bahama  Islands. 
Auk,  XX,  No.  4,  Oct.,  1908.  pp  431-438. 
ChordeHes  virginianus  vicinus  (p.  432),  is  de- 
scribed as  new,  and  comparisons  are  made 
with  nearly  related  forms. 

The  Snowy  Plover  in  the  Bahamas. 

Auk,  XX,  No.  4,  Oct.,  1903.  p.  483. 
Note  on  the  capture  of  jEgialitis  nivosa  on 
Long  Island,  Bahamas. 

The  second  known  specimen  of 

Centurus  nyeanns  Ridgway. 

Auk,  XX,  No.  4,  Oct.,  1903,  p.  434. 
Record  of  a  second  specimen  of  Nye's  Wood- 
pecker, from  Watlings  Island,  Bahamas. 

ROSE,  Joseph  N.  [Begonia  unifolia  sp. 
no  v.] 

Rep.  Mo.  Botan.  Garden,  vol.  15,  19(M,  pp. 
80,  81;  pis.  28,  29. 

ROSE,  J.  N.,  and  BRITTON,  N.  L.  New 
or  noteworthy  North  American  Craasu- 
laceae. 

Bull.  ^\  y.  Botan.  Garden,  3,  Sept.,  1903, 
pp.  1-45. 
This  paper  is  a  preliminary  treatment  of 
the  Crassulaceae  for  North  America,  and  will 
soon  be  followed  by  an  exhaustive  mono- 
graph of  the  family.  A  large  number  of  new 
species  are  described  and  the  following  gen- 
era: Dudleya,  Ilasseanthns,  Scdella,  Vrbinia, 
AUamiranoa,  ViUadia,  Siylophyllnm,  Gorman- 
nia,  OlivereUa,  Clementia,  and  TiUeastrum. 
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SCHUCHERT,  Charles.  On  the  faunal 
provinces  of  the  Middle  Devonic  of 
America  and  the  Devonic  Coral  sub- 
provinces  of  Russia,  with  two  paleo- 
graphic  maps. 

Am.  Geologist,  xxxii,  Sept.,  1903,  pp.  137- 
162,  and  2  maps. 
Thi8  paper  points  out  some  of  the  salient 
differences  between  the  Devonic  faunas  of 
the  Dakota  Sea  having  Euro-asiatic  charac- 
teristics and  those  of  the  Miasissippian  Sea, 
which  is  of  the  "American  Province."  The 
probable  lands  separating  these  seas  are  de- 
scribed and  mapped. 

On  new  Siluric  Cystoidea,  and  a 

new  Camarocrinus. 

Am.  Geologist,  xxxii,  Oct.,  1903,  pp.  230- 
240. 
Describes  two  new  genera,  Jxkdocystis  and 
Coelocystis,  and  the  following  seven  new  spe- 
cies: Jirkflocystis  hartleyi,  Sphatrocy$titc8  globu- 
laris,   Psendocrinites  gordont,  P.  stellatug,  P. 
clarki.  P.  pcrdewi,  and  Camnrocrinus  ulrichi. 
All  the  material  is  in  the  national  collection. 

SHARPE,  Richard  W.  Report  on  the 
fresh-water  Ostracoda  of  the  United 
States  National  Museum,  including  a 
revision  of  the  subfamilies  and  genera 
of  the  family  Cyprididfc. 

Proc.  V.  S.  Xat.  Mhs..  xxvi,  No.  1347,  July  i 
15,  1903,  pp.  969-lCOl,  pis.  LXIV-LXIX.         | 
Includes  keys  to  the  subdivisions  of  the  t 
family  Cypridida?.  keys  to  North  American 
species,  revised  dewriptions  of  genera.    One 
genus  and  two  species  are  described  as  new. 

BMITH,  Hugh  M.  Description  of  a  new- 
species  of  blind  eel,  of  the  genus  An- 
guilla, 

Proc.  Biol.  Soc.  M'ofth.,  xvii,  June  9,  1904, 
pp.  121,122. 

SNYDER,  John  Otterbein.     (See  under 

David  Starr  Jordan.) 
STARKS,  Edwin  Chapin.     The  osteology 

of  some  Berycoid  fishes. 

J*roc.    V.  S.  Nat.  Mits.,   xxvil.   No.  13<i6, 
Feb.  18,  1904,  pp.  601-^19,  figs.  1-10. 

(See  also  under  Charles  H.  Gil- 
bert and  David  Starr  Jordan.) 
STEARNS,  R.  E.  C.     Eucalypts  in  the 
Philippines. 

Science  (new  series),  xvni,  No.  457,  Oct. 
2,  1903.  pp.  439,  440. 

STEBBING,  Thomas  R.  R.  Amphipoda 
from  Costa  Rica. 

Proc.  r.  S.  Nat.  }fns.,  XX  VI,  No.  1341,JiUy 
9,  1903.  pp.  92:>-9;«.  pis.  LX,  LXI, 
Two   new   species  collected   by  Prof.    P. 
Biolley,  of  the  National  Museum  of  Costa 
Ric&—Talorchefitiafritzi  and  Uyalellafaxoni. 


STEERE,  Joseph  Beal.  Narrative  of  a 
visit  to  Indian  tribes  of  the  Funis  River, 
Brazil. 

Rrp.  SmiUitonian  Inst.  (U.  S.  Nat.  Mus.). 
1901  (1903),  pp.  359-398,  pis.  1-9. 

STEJNEGER,  Leonhard.  Report  of  the 
delegate  to  the  Fifth  International  Zoo- 
logical Congress,  Berlin,  Aug.  12-16, 
1901. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat  Mus.), 
1902(1903),  pp.  167,168. 

A  new  hognose  snake  from  Florida. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Sept.  30. 1903, 
pp.  123,  124. 
Described  as  new  species,  Ileterodon  broxmi^ 
type  No.  32089,  U.S.N.M. 

A  new  species  of  large  iguana  from 

the  Bahama  Islands. 

Proc.  Biol.  Soc.  Wash.,  xvi,  Nov.  12, 1903, 
pp.  129-132. 
Described  as   new  species,   Cyclura  rileyi, 
type  No.  31969.  U.S.N.M. 

A  new  lizanl  from  the  Rio  (irande 


Valley,  Texas. 

Proc.  Biol.  Soc.  Wash,,  xvn.  Feb.  5,  1904. 
pp.  17-20. 
Described  as  new  species.  Sccloporus  mer- 
riami,  type  No.  33039,  U.S.N.M. 

A   reply   to  recent  strictures  on 

Anieric»an  biologists. 

Science  (new  series)   xix,  Mar.  4,   1904. 
pp.  371-376. 
Written  principally  in  order  to  show  the 
necessity  of  the  American  museums  acquir- 
ing more  biological  material  from  the  palearc- 
tic  region. 

The  Herpetology  of  Porto  Rico. 

Rep.  Smithsonian  Inst.  (U.  S.  Nat.  Mus.), 
1902  (19(M),  pp.  649-721,  pi.  1.  figs.  1-197. 
A  full  account  of  all  the  reptiles  and  batra- 
chians  found  in  Porto  Rico,  including  de- 
tailed descriptionsaccompanied  by  numerous 
text  figuresof  all  the  species,  as  well  as  general 
chapters  on  their  origin  and  distribution. 
The  following  species  are  descril>ed  as  new: 
Eleuthcrodncliiliis  richmondi,  Ktaitherodacttflus 
nnicolor,  .Splnrrodactylus  grandisqunmis,  Ano- 
lis  moncusis,  Auotis  t.rermayini,  Anolis  poncen- 
siit,  Amphinh.rna  baknri,  Ttfphlops  rtfs/fffnliis, 
Tf/phlopn  dxmiinii'untis,  Leimadophis  siahli. 

STEVENSON,    Matilda    Coxe.       Zuili 
games. 

Am.  Anthropologist  (new  series),  v,  No.  3, 
July-.Sept..  1903,  pp.  468-497,  pis.  XLVili, 
xi.ix.  11  text  figs. 
A  paper  devoted  to  the  study  and  illustra- 
tion of  all  the  important  games  (seventeen 
in  number)  of  the  Zufii  Indians.    These  do 
not  include  children's  games. 
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Islands. 
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a  This  title  was  not  received  in  time  to  permit  of  its  insertion  in  the  Bibliography  for  the  preceding 
year. 
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As  the  title  indicates,  this  is  a  revision  of 

the  Paleozoic  ctenostomatous  bryozoa.     All 

the  old  species  and  genera  of  the  order  are 

defined,  besides  the  new  ones,  as  follows: 

Heteronema  (if.  capillarc,  IT.  carbonarium,  and 

H.t  contextum),  Alloneina  {A.  boteUoules,   A. 

waldronense,  A.  suffusijorme,  and  A.  monUi- 

fonne-aggregatum),  and  Ptychocladia  {P.  agel- 
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ULRICH,  E.  O.,  and  BASSLER,  R.  S.— 
Continued. 
lus).  Other  new  species  are  RItopaUmaria 
attenuata,  R,  robusta,  R,  tenuis,  R.  nudialis,  R. 
keokukams,  Vinella  f  muUiradiata,  Ascodidyon 
floreale,  A.  parvulum,  and  A.  fparstim. 

VAUGHAN,  T.  Wayland.    [Anthozoa.] 
Memoirs  Col.  Acad.  Sci.,  iii,  1903,  pp.  86-89, 
pi.  iii,  figs.  l-4a. 
Four  species  are  described,  three  of  which, 
Caryophyllia  califomica  from  the  Pliocene, 
Caryophyllia  pfdnensis  and  Paracyathus  pe- 
dramsis  from  the  Pleistocene  are  considered 
new.    Included  in  *'  Ralph  Arnold's  Paleon- 
tology and  stratigraphy  of  the  marine  Plio- 
cene and  Pleistocene  of  San  Pedro,  Califor- 
nia." 

A     Calif ornian     Tertiary    coral 

reef  and  its  bearing  on  American  recent 
coral  faunas. 

Science  (new  series),  xix,  Mar.  26,  1904, 
p.  503. 
This  is  an  abstract  of  a  paper  read  before 
the  Geological  Society  of  Washington,  Janu- 
ary 27, 1904.  It  was  shown  that  during  Lower 
Miocene  time  the  West  Indian  type  of  coral 
fauna  extended  westward  into  the  Pacific 
and  it  was,  subsequent  to  that  time  that  the 
Atlantic  and  Pacific  faunas  of  America  have 
been  so  markedly  differentiated. 

Zoology  and  the  International 

Catalogue  of  Scientific  Literature. 

Science  (new  serie*'),  xix,  June  3,  1904, 

pp.  860,861. 

Review  of  Ccdenterata  in  The  International 

Catalogue   of    Scientific   Literature.      First 

Annual  Issue,  N,  Zoology  (for  the  year  1901); 

1904  (February). 


j  WHITE,  David.    Summary  of  the  fossil 
plants  recorded  from  the  Upper  Car- 
I      boniferous  and  Permian  formations  of 
I      Kansas. 

I  BtOl.  V.  S.  aeol.  Surv.,  No.  211,  1908,  pp. 

86-117. 
This  paper  on  the  fossil  plants  of  the  coal 
measures  of  Kansas  contains  a  summary  of 
all  the  genera  and  species  as  yet  made  known 
from  the  Upper  Carboniferous  of  that  Btate,] 
with  a  discussion  of  the  age  of  the  bed?  and 
provisional  correlations  of  the  plant-bearing 
terranes  with  the  coal  mea-sures  of  the  Ap- 
palachian trough.  The  greater  part  of  the 
material  in  question  is  included  in  the  Lacoe 
collection,  which  furnished  nearly  all  the 
t3rpe8  of  a  number  of  new  species  described, 
as  well  as  for  several  species  not  before  re- 
ported In  North  America.  The  article  al»o 
gives  the  names  of  a  number  of  new  species 
embraced  in  unpublished  manuscript  by 
Leo  Lesquereux,  the  Kansas  types  of  which 
are  all  preserved  in  the  Lacoe   collection. 

I         The  Museum  catalogue  numbers  of  the  speci- 
mens are  cited  throughout  the  paper  under 

]         the  records  of  the  various  types. 

I  WILSON,    Charlbb    Branch.     A    new 
species  of  ArguluSf  with  a  more  com- 
i      plete  account  of  two  species  already 
I      described. 

Proc.    V.  S.  Nat.  Mus.,  xxvii.  No.  1868, 
Apr.  9,  1904,  pp.  627-665,  text  figs.  1-38. 
Argulus  trilineatus  new  species  and  fuller 
accounts  of  A.  americantts  and  A .  versicotor. 
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SEPOBT  OF  CHABLE8  SCHTJCHSBT,  DELEGATE  OF  THE  SMITHSOKIAK  DTSTITU- 
TION  AHB  U.  8.  NATIONAL  MUSETTM  TO  THE  NINTH  INTERNATIONAL  GEO- 
LOGICAL CONGSESS,  HELD  AT  VIENNA,  AUSTRIA,  AUGUST  20-27,  1908. 

The  congrees  held  its  first  meeting  on  August  20  in  the  festsalle  of  the  Vienna 
University,  and  all  the  subsequent  meetings  were  held  in  this  large  and  handsome 
building.  The  opening  gathering  was  a  festal  one,  and  the  addresses  of  welcome 
were  made  by  the  protector  of  the  congress,  Erzherzog  Rainer,  and  by  the  honorary 
president,  Dr.  von  Hartel.  Prorektor  Hofrat  Dr.  Schipper  greeted  the  congress  for 
the  university,  and  Vizeburgemeister  Strobach  for  the  city  of  Vienna.  The  president 
of  the  congress,  director  of  the  Royal  Geological  Institute  of  Austria,  called  atten- 
tion to  the  great  variety  of  geological  structures  and  formations  within  the  Austrian 
Empire,  invited  all  to  join  the  excursions,  and  thus  to  learn  by  practical  means 
what  the  Austrian  geologists  had  to  offer.  The  routine  work  of  the  congress  largely 
devolved  upon  the  general  secretary,  Prof.  Dr.  Diener,  of  the  university. 

The  social  side  of  the  congress,  of  course,  could  not  be  other  than  kindly,  due  to 
the  well-known  hospitality  of  Austrians,  and  especially  of  the  citizens  of  the  beautiful 
city  of  Vienna.  On  the  evening  of  the  24th  of  August  the  congress  was  invited  to  a 
reception  and  banquet  in  the  grand  rathause  by  Herr  Strobach,  assisted  by  Dr. 
Neumayer.     About  500  ladies  and  gentlemen  jxarticipated. 

The  congress  was  a  success,  as  355  members  were  in  attendance  out  of  640  that  had 
registered.  North  America  was  represented  by  1  from  Mexico,  2  from  Canada,  and 
22  from  the  United  States.  The  standard  of  the  papers  presented  was  high.  One 
day  was  occupied  by  seven  speakers  from  various  parts  of  the  world  in  presenting 
a  synopeis  of  our  present  knowledge  of  the  crystalline  rocks.  Our  countryman,  C.  R. 
V'an  Hise,  took  a  leading  part  in  this  presentation.  Another  day  was  devoted  to 
"Faults  and  Cliffs,"  one  of  the  speakers  being  Mr.  Bailey  Willis,  of  the  U.  S.  Geo- 
logical Sun'ey,  who  presented  a  paper  entitled  "On  the  overthrust  faults  of  North 
America."  A  timely  and  well-illustrated  presentation  was  that  of  Dr.  E.  O.  Hovey 
on  "The  1902  eruptions  of  La  Pel^e,  Martinique,  and  La  Souffrit^re,  St.  Vincent." 
Another  day  was  devoted  to  a  presentation  of  the  geology  of  the  Balkan  Peninsula 
and  the  Orient. '  The  scientific  meetings  were  on  alternate  days,  the  intermediate 
ones  being  occupied  by  excursions  to  noted  places  of  geologic  interest  around  Vienna. 
These  one-day  excursions  were  necessarily  made  hurriedly  and  were  intended  to 
acquaint  the  visitors  with  some  of  the  broader  structures,  of  which  AustriJa  has  so 
large  a  variety. 

At  Vienna  a  paleontologist  finds  much  to  interest  him,  not  only  in  the  beautiful 
and  well-ordered  museum  and  through  coming  in  contact  with  many  able  scientific 
men,  but  also  from  a  study  of  the  great  collections.  If  one  wishes  to  examine 
Austrian  fossils  from  the  provincial  or  stratigraphic  side,  he  will  find  the  Geologisehe 
Reichsanstalt  in  Rasumoffskygasse  full  of  interest.  For  general  paleontology  there 
are  the  splendid  collections  of  the  Naturhistorische  Hofmuseum,  and  of  paleobiology 
at  the  Paleontological  Institnte  of  the  University.  r^  ^^^T^ 
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The  closing  banquet  of  the  congress,  at  the  Hotel  Continental  on  the  evening  of 
August  27,  was  one  of  those  pleasant  affaire  which  will  live  long  in  the  memory  of 
the  attending  geologists  l)ecau8e  of  the  general  good  fellowship.  Tietze  presided  at 
this  banquet  and  spoke  the  official  farewell  in  French,  followed  by  Geikie  with  rem- 
iniscences in  English.  The  latter  told  us  that  more  than  forty  years  ago  he  made 
hia  first  visit  to  Vienna  for  the  purpose  of  consulting  with  Haidinger,  one  of  the 
great  geologists  of  that  day.  Of  those  he  then  met,  nearly  all  are  now  gone  except 
ing  Suess,  then  a  young  man  beginning  to  attract  attention,  but  now  known  to  us  all 
through  his  masterly  work,  **  Das  Antlitz  der  Erde.*' 

This  reference  to  forty  years  ago,  when  both  Geikie  and  Suess  were  young,  visibly 
affected  the  latter.  Toward  the  end  of  the  speaking  Suess  rose,  and  with  bowed 
head  and  a  low  voice  increasing  to  considerable  volume  as  he  proceeded,  spoke  elo- 
quently in  German  in  the  following  words: 

**My  distinguished  master.  Sir  Archibald  Geikie,  was  so  kind  as  to  say  that  more 
than  forty  years  ago  he  became  personally  acquainted  with  me.  With  my  highly 
honored  friend  Baron  Richthofen,  it  is  rather  near  fifty  years.  What  a  memorable 
half  century  we  have  Uv^hI  through!  During  this  time,  under  the  influence  of 
increasing  knowleiige  of  nature,  all  human  conceptions  of  the  earth  have  changed. 
It  is  remarkable,  however,  to  see  how  often  the  single  inquirer,  bent  upon  the  object 
of  his  quest,  fails  to  comprehend  the  broader  aspects  of  a  problem  by  whose  details 
he  is  fettere<l,  just  as  the  stonecutter  clinging  to  the  fa<^ade,  can  not  see  the  splendor 
of  the  structure  on  which  he  himself  is  engaged.  And  yet  there  is  a  special  charm 
in  geological  studies  precisely  on  account  of  the  extraordinary  range  of  accommoda- 
tion that  is  demanded  of  the  eye — of  the  same  eye  which  now  examines  the  disinte- 
gration of  quartz  in  a  thin  slide  under  the  microscope,  now  sweeps  over  snowy 
mountain  peaks,  over  dark  precipitous  cliffs  and  verdant  vales,  and  with  command- 
ing glance  reads  their  structure  in  the  features  of  the  landscape.  But  not  less  is  the 
demand  on  the  adjusting  powers  of  the  mind.  From  the  most  subtle  conclusions 
derived  from  an  ingenious  experiment  the  geologist  must  be  able  to  lift  the  mental 
eye  over  hill  and  valley  into  the  most  distant  parts  of  the  universe.  There  the 
glowing  spectra  of  nebulae  teach  him  that  even  now  the  great  processes  of  world-making 
are  not  yet  ended.  With  the  aid  of  instruments  he  can  daily  witness  the  greatest 
eruptions  of  8Uj>erheated  gases  emanating  from  the  body  of  our  sun.  Photography 
spreads  before  him  the  pictures  of  the  de.^olate  crater  fields  of  the  moon. 

"  Returning  to  his  earth  he  now  perceives  that  the  sum  total  of  life's  phenomena 
not  only  forms  a  single  phenomenon,  but  that  it  is  also  Iimite<l  by  space  and  time. 
It  occurs  to  him  now  that  the  stone  which  his  hammer  strikes  is  but  the  nearest 
lying  piece  of  the  planet,  that  the  history  of  this  stone  is  a  fragment  of  the  history 
of  the  planet,  and  that  the  history  of  the  planet  itself  is  only  a  very  small  part  of  the 
history  of  the  great,  wonderful,  and  ever-changing  kosmos. 

**  His  heart  then  thrills;  he  feels  called  as  a  colal)orer  on  the  most  sublime  prol)- 
lems  in  which  feeble  mortal  beings  can  take  part.  Then,  too,  he  sees  that  the 
fundamental  lines  of  structure  coursing  over  the  earth's  surface  have  nothing  to  do 
with  the  political  lines  separating  the  nations.  The  vastness  of  the  problem  itself 
makes  the  concord  of  civilized  nations  natural,  and  they  remain  sei)arated  only 
through  their  emulation,  all  filled  with  the  idea  that  mankind  in  general  will  most 
highly  esteem  that  nation  which  is  in  the  pos^ition  to  offer  the  most  and  the  lK»st  of 
noble  example,  of  new  truth,  and  of  ideal  worth. 

"These  are  the  words  which  have  crowdc*d  into  articulation  at  this  moment  when 
you,  now  gathered  from  all  i)artsof  the  world,  are  about  to  disiH*rse. 

"For  the  continuation  of  the  feelings  that  fill  us  to-day,  and  for  continued  inspira- 
tion for  our  noble  science,  I  raise  my  glass.'* 

Washington,  D.  C,  June  ^5,  lUOi, 
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PREFATORY  NOTE. 


The  work  herewith  presented  is  in  part  an  outgrowth  of  a  series  of 
lectures  to  students  in  geology  in  Columbian  (now  (Jeorge  Washing- 
ton) University,  though  many  of  the  facts  were  gathered  while  look- 
ing up  the  records  of  the  early  Gov  ernment  surve3's,  with  a  view  of 
asceitaining  the  final  disposition  of  their  collections.  No  idea  was  at 
first  entertained  of  putting  the  matter  in  book  form,  but  as  material 
gradually  accumulated  the  advisability  of  making  it  a  permanent 
record  became  apparent.  On  the  supposition  that  it  was  a  desirable 
thing  to  do  at  all,  it  is  perhaps  fortunate  that  the  idea  of  a  fairly  con- 
secutive history  of  the  rise  and  progress  of  Aifierican  geology  was, 
like  the  science  itself,  a  matter  of  growth,  as  the  magnitude  of  the 
task  would  certainly  have  deterred  from  undertaking  it  one  whose 
main  opportunity  lay  in  the  improvement  of  odd  moments. 

As  to  the  mode  of  presentation  of  the  subject:  It  has  been  the 
writer's  desire  to  do  this  in  a  manner  such  as  should  show  not  merely 
what  has  been  done,  by  whom,  and  how  it  has  been  done,  but  the 
gradual  growth  of  the  science  and  the  development  of  powers  of 
observation  and  deduction  as  well.  To  do  this  satisfactorily,  no  other 
arrangement  than  a  chronological  one  seemed  possible,  though  it  must 
be  confessed  that  a  topical  one  would  have  been  easier  to  handle  and 
could,  perhaps,  have  been  made  more  readable.  In  several  instances, 
indeed,  the  topical  treatment  has  been  adopted,  as  in  the  chapters  on 
the  Ex)zoon  and  theTaconic  question.  Should  it  appear  that  the  method 
is  essentially  similar  to  that  adopted  by  Sir  Archibald  Geikie  in  his 
Founders  of  Geology,  the  writer  has  onl}-  to  express  the  regret  that 
the  imitation  is  so  crude. 

Jjet  no  one  for  a  moment  feel  that  the  writer  has  chilled  attention  to  the 
errors  and  crudities  of  observation  and  deduction  of  the  early  workers  in 
a  spirit  of  levity.  Far  from  that.  These  men  w  ere  pioneers.  They  had 
received  little  or  no  preliminary  training  along  these  special  lines,  and 
had  access  to  but  few  books.  The  information  with  which  the  geolo- 
gist of  to-day  begins  his  career  did  not  then  exist,. and  an  effort  has 
here  been  made  to  show  by  what  years  of  toil  each  new  fact  has  been 
unearthed,  cleansed  of  the  debris  which  obscured  its  outlines,  and 
treasured  up  in  such  form  that  it  is  now  possible  for  the  student,  in  a 
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few  short  years,  to  encompass  the  garnerings  of  a  centurv. 
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Nor  must  it  be  thought  that  in  touching  upon  sundry  disputes, 
quarrels,  and  petty  jealousies  it  has  been  done  with  an  idea  of  belittling 
the  individual  in  any  wa3\  Indeed,  a  truly  able  man  is  not  belittled 
by  his  weaknesses.  To  appreciate  his  strength  we  need  to  know  his 
weakness.  These  were  but  men,  and  we,  who  are  weakly  human,  like  to 
recognize  in  them  human  traits — like  to  learn  of  their  errors  in  judg- 
ment and  wordy  warfares. 

Regarding  the  portraits,  it  may,  perhaps,  be  well  to  state  that  a 
special  eflFort  has  been  made  to  obtain  such  as  represented  the  individ- 
ual at  the  period  of  his  career  under  discussion.  This  has  naturally 
been  a  matter  of  some  difficulty,  and  in  some  cases  an  impossibility. 

A  large  part  of  those  here  reproduced  are  from  the  G.  Brown  Goode 
collection  in  the  National  Museum  and  the  private  collection  of  the 
writer.  For  assistance  in  securing  others  the  writer  is  indebted  to 
Prof.  W.  H.  Brewer,  Prof.  W.  B.  Clarke,  Dr.  W.  H.  Dall,  S.  F. 
Emmons,  Dr.  A.  C.  Peale,  T.  C.  Weston,  Gen.  A.  W.  Vogdes,  and 
others.  Acknowledgments  for  other  assistance  are  due  to  many,  but 
particularly  to  Prof.  Charles  Schuchert,  formerly  of  the  National 
Museum,  but  now  of  Yale  University.  Miss  Lucy  M.  Graves  has 
rendered  valuable  assistance,  both  in  preparation  of  the  manuscript 
and  reading  the  proof. 
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CHAPTER  1. 

THE  MACLUREAN  ERA,  1785-1819. 

In  order  that  one  may  fully  appreciate  the  conditions  under  which 
the  early  workers  in  geology  in  America  labored,  it  i.s  necessary  to 
refer  somewhat  briefly  to  foreign  workers  and  the  general  condition 
of  the  science  at  the  time  this  history  opens.  A  detailed  statement  is 
presumably  unnecessary,  the  subject  having  been  well  covered  by 
Lyell,«  Geikie,^  and  Zittel/ 

The  literature  extant  at  that  time  was  not  large,  and  was,  moreover, 
for  the  most  part  quite  inaccessible  to  the  average  American  student. 
Libraries  were  few,  small,  and  far  between,  and  the  workers,  as  a  rule, 
men  of  moderate  means  who  studied  geology  as  a  recreation  or  when 
the  cares  of  their  professions  permitted. 

Disregarding  the  cosmogonists — those  who,  to  use  a  popular  expres- 
sion, did  not  allow  what  few  facts  they  may  have  possessed  to  seri- 
ously hamper  the  flights  of  their  imaginations — mention  should  be 
made  of  the  writings  of  the  French  geologist,  Guttard,  during  the 
period  174(5-1765.  Guttard  studied  the  now  well-known  region  of 
the  Auvergne  in  central  France,  recognized  the  volcanic  nature  of  the 
phenomena  there  displaj^ed,  and,  though  he  fell  into  error  when  he 
attributed  their  origin  to  the  combustion  of  petroleum  or  bitumen, 
he  may,  nevertheless,  according  to  Doctor  Geikie,  be  regarded  as  the 
founder  of  volcanic  geology.  Singularly  enough,  as  it  seems  to-day, 
he  failed  to  recognize  the  connection  between  volcanoes  and  basalt, 
and  attributed  the  latter  to  crystallization  from  an  aqueous  solution. 
Guttard's  papers  were  for  many  years  lost  sight  of ,  but  their  value 
and  interest  have  of  late  been  made  apparent  by  the  author  above 
quoted.  Desmarest,  who  followed  Guttard,  corrected  this  error  in 
his  memoir  on  basalt,  which  appeared  in  1774. 

The  geological  results  obtained  by  the  Russian  astronomical  expe- 
dition under  Pallas,  in  1769,  though  important,  could,  for  a  long  time 
at  least,  have  had  little  effect  on  American  workers,  and  then  only 
through  the  writings  of  others.  They  were  first  published  at  St. 
Petersburg  in  German  (1772-1776)  and  afterwards  translated  into 
French.     Pallas  taught,  among  other  things,  that  a  granite  core  was  a 
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constituent  of  all  mountain  ranges,  and  that  the  remains  of  the  ipani- 
moth  and  other  large  animals  found  in  Siberia  and  the  Arctic^s  were 
transported  thence  by  floods  from  the  region  of  the  equator.  This 
last  idea,  it  will  >)e  noted,  took  firm  hold  on  at  least  one  of  oui^ 
American  authors. 

During  1779-1796  the  Swiss  natumlist,  De  Saussure,  had  put  out 
three  quarto  volumes  giving  the  results  of  his  observations  in  the 
Alps,  and  Lehman  and  Fuchsel,  during  1756-1770,  had  published 
important  matter  relative  to  the  order  of  superposition  of  rocks. 
Fuchsel,  unfortunately,  wrote  wholly  in  Latin,  and  though  his  obser- 
vations w^ere  important  the}^  created  little  impression. 

The  two  most  prominent  figures,  and  those  whose  views  undoubt- 
edly prevailed  over  all  others,  were  the  German,  Werner,  and  the 
Englishman,  Hutton.  Indeed,  our  history  opens  in  the  very  midst  of 
a  controversy  between  these  two  and  their  followers — between  those 
who  believed  with.  Werner  that  the  various  rocks  of  the  earth's  crust 
were  the  result  of  a  gradual  precipitation  from  the  waters  of  a  uni- 
versal ocean  and  who  were  not  inaptly  called  Ktrptayiists^  and  those 
who  recognized  the  eflicacy  of  igneous  agencies  and  were  therefore 
called  PhiUmwtH, 

It  is,  of  course,  impossible  to  state  in  the  majority  of  cases  whence 
any  writer  may  have  ditiwn  his  inferences  or  inspii-ation.  W^e  may 
know^  the  literature  of  any  given  period,  but  we  have  no  means  of 
knowing  whether  or  not  it  was  accessible  to  a  writer  or,  indeed,  if  he 
was  aware  of  its  existence.  Discoveries  in  science,  like  inventions, 
are  rarely  or  never  the  work  of  a  single  brain,  but  are  matters  of 
growth.  Such  result  from  the  gradual  accumulation  of  facts  or  ideas, 
often  seemingly  wholl}^  disconnected,  but  which  some  master  mind 
takes  at  the  proper  time  and  molds  to  his  uses. 

What  is  commonly  regarded  as  the  first  work  on  American  geology 

was  Johann  David  SchOpf's  Beit  rage  zur  MlneralogtHchen  Kenntnim 

von  dee  OestllcJum  TlteUs  voii  Nord  Amerika  and  seine  Gehlrge^  pub- 

„  „,  lished  in  1787.     SchOpf  came  to  America  as  a  surgeon 

Schttprs  Work  on  i        tt        .  i       .  i  i.   .i        t^         i 

American  Geology,     to  the  Hessian  troops  dunng  the  war  of  the  Revolu- 
tion, and  immediately  after  the  treaty  of  peace  in  1783 
made  a  tour  throughout  the  Eastern  States  as  far  south  as  Florida. 

As  a  foreigner,  whose  results  were  published  in  Germany,  SchOpfs 
work  lies. outside  the  limits  of  the  present  history.  It  may  be  said, 
however,  that  he  noted  the  close  similarity  throughout  all  its  parts  of  the 
flat  lands  (coastal  plain)  extending  from  the  western  end  of  Long  Island 
to  Florida,  and  that  this  was  marked  off  from  the  hilly  region  to  the 
northwest  by  a  double  series  of  waterfalls  in  all  the  rivers  emptying 
into  the  Atlantic.  Thus  early  was  recognized  the  "fall  line"  as  a 
physiographic  feature  of  the  American  continent. 
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There  are  several  brief  papers  of  a  mineralogical  nature  of  an  earlier 
date  than  Schdpf  s.  which  may  be  mentioned.     Thus,  in  the  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences  for  1785  are  to  be 
.   „      .     ^  found  the  following  titles: 

Papers  in  MetBoIrm  of         .         .  *     T       y-..,  -  ,  n    t   i 

Anericafl  Acadeny.  An  Account  of  the  Oilstonc  found  at  Salisbury,  by 
Samuel  Webster;  Yellow  and  Red  Pigment,  An  account 
of,  Found  at  Norton,  by  Samuel  Deane;  An  Account  of  Seveml  Strata 
of  £arth  and  Shells  on  the  Banks  of  the  York  River,  Virginia,  by 
Benjamin  Lincoln;  and  Fossil  Substance  containing  Vitriol  and  Sul- 
phur, An  Account  of  large  quantities  of,  found  at  Lebanon,  New 
Hampshire,  by  Jeremy  Belknap. 

Of  more  impoi-tance  are  two  papers  by  David  Jones  and  Caleb  Alex- 
ander regarding  the  supposed  volcanic  nature  of  West  River  Mountain 
in  Connecticut.     Jones  described  in  some  detail  the  appearance  of  the 
mountain  and  the  efforts  of  the  natives,  or  peasants,, 
sappo^^oicaiio  in  ^^  y^^  called  them,  to  discover  thereon  the  gold  which 
they  imagined  had  been  melted  down  to  a  solid  body 
by  the  extreme  heat  of  the  eruption.    The  rock  comprising  the  moun- 
tain was  described  as  in  many  places  much  burned,  softened,  and 
dissolved  by  heat,  with  cinders  and  melted  drops  adhering  and  hanging 
down  like  small  icicles,  somewhat  resembling  in  color  the  cinders  of  a 
furnace  or  black  glass.    While  convinced  that  there  had  been  volcanic 
explosions  in  the  mountain,  he  regarded  such  as  having  taken  place  at 
least  fifty  years  earlier,  while  the  volcano  itself,  he  thought,  could 
not  have  been  active  perhaps  ''within  the  present  nor  past  century." 
Alexander  wrote  much  more  confidently: 

Once  in  winter  there  was  an  eruption.  The  years  when  the  preceding  eruptions 
happened  I  can  not  inform;  the  last  was  twenty-seven  years  since,  which  was  the 
meet  violent  eruption  ever  known  in  that  place.  It  was  toward  the  close  of  a  dark 
evening  when  it  was  first  perceived,  being  precede<l  by  a  louder  noise  than  common; 
then  directly  was  seen  the  fire,  which  was  seen  to  burn  for  several  hours. 

After  describing  in  some  detail  the  appeamnce  of  the  rock  in  the 
immediate  vicinity  of  the  spot  from  wliich  the  fire  was  supposed  to 
have  issued,  Alexander  went  on  to  say: 

I  am  not  able  to  detennine  whether  there  l)e  anything  of  a  sulphurous  nature  on 
this  mountain,  but  this  1  dare  affirm,  that  there  have  been  several  eruptions,  but 
whether  it  may  with  propriety  be  called  a  volcano  I  know  not.  This  determination 
is  submitted  to  the  judgment  of  gentlemen  more  acquainted  with  the  nature  of  vol- 
canoes than  I  can  pretend  to  be. 

In  view  of  the  definite  nature  of  these  statements,  it  may  be  well  to 
anticipate,  and  to  state  here  that  in  1810  Col.  George  Gibbs  visited 
the  mountain,  attracted  by  the  published  reports,  and  made  known 
the  results  of  his  observations  in  Bruco's  Mineralogical  Journal.  lie 
found  no  trace  whatever  of  any  eruption  nor  other  signs  of  volcanic 
activity,  the  ''lava"  reported  proving  to  be  hematite,  an  oxide  of  iron. 
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A  paper  by  Robert  McCauslin,  read  before  the  American  Philosoph- 
ical Society  of  Philadelphia  in  1789  and  published  in  1793,  conveys  a 

good  idea  of  the  crude  condition  of  analytical  chem- 
Anaiyticai  istry  at  that  date  and  enables  one  to  well  appreciate 

the  diffictulties  under  which  the  mineralogists  labored. 
In  describing  a  " mineral  substance"  found  near  the  falls  of  Niagara, 
he  wrote: 

In  order  to  determine  the  nature  of  this  substance,  I  made  the  following  experi- 
ments: 

Exp.  let.  I  put  an  opaque  piece,  weighting  fourteen  grains,  into  the  vitriolic  acid 
diluted  with  three  times  its  quantity  of  water,  and  let  it  remain  there  twenty-four 
hours,  shaking  it  now  and  then.  Not  the  least  effervescence  ensued,  and  on  taking 
out  the  piece  it  weighed  near  one  grain  more  than  when  it  was  put  in,  although  care 
was  taken  to  absorb  the  moisture  which  was  upon  its  surface.  This  experiment  was 
repeated  with  a  shining  piece,  and  with  exactly  the  same  result. 

Exp.  2nd.  When  put  into  vinegar  it  did  not  produce  the  least  effervescence.  The 
vinegar  having  stood  upon  it  for  sometime,  it  was  then  poured  off  and  spirit  of 
vitriol  dropped  into  it,  yet  not  the  least  precipitation  ensued. 

That  I  might  not  be  led  into  error  by  the  vinegar  not  being  gt>od  of  its  kind,  I 
repeated  these  experiments  with  chalk;  and  as  both  effervescence  and  precipitation 
took  place  it  was  evident  there  was  no  defect  in  the  vinegar. 

Exp.  3rd.  A  small  piece  was  exposed  to  the  heat  of  a  blacksmith's  forge  during 
fifteen  hours.  Upon  taking  it  out  and  pouring  water  upon  it  no  ebullition  ensued; 
nevertheless  it  tasted  like  weak  limewater;  being  then  divided  into  two  portions,  a 
solution  of  mild  fixed  alkali  was  dropped  into  the  first,  and  immediately  a  precipita- 
tion ensutMl.  The  second  portion  being  exposed  to  the  air  in  a  tea  cup  soon  con- 
tracteil  a  changeable  film,  which  next  morning  was  become  very  thick,  resembling 
in  every  respect  that  of  limewater. 

Exp.  4th.  Hot  water  being  poured  on  some  of  this  substance  reduced  to  powder 
and  the  whole  suffered  to  settle,  the  clear  liquor  had  not  the  taste  of  limewater  «s 
in  the  3rd  experiment;  nevertheless  a  solution  of  mild  fixed  alkali  being  dropped 
into  it  as  copious  a  precipitation  ensued  as  when  the  earth  had  undergone  calcina- 
tion. 

As  I  had  neither  the  nitrous  nor  muriatic  acids,  nor  even  caustic  fixed  alkali,  I 
had  it  not  in  my  power  to  make  any  trials  with  them. 

From  these  experiments  we  may  perhaps  be  authorized  to  draw  the  following 
conclusions: 

Ist.  That  this  concrete  is  not  an  alkaline  earth,  as  it  is  not  affected  either  by  the 
vitriolic  or  the  vegetable  acids. 

2ndly.  We  may  with  more  probability  say  that  it  is  a  combination  of  an  acid  with 
a  calcareous  earth,  and  that  it  might  with  propriety  be  ranke<l  amongst  the  selenit^. 
This  supposition  is  founded  on  the  following  reasons:  First,  it  appears  from  the 
fourth  experiment  that  it  is  practically  soluble  in  water,  and  that  its  earth  can  be 
precipitated  by  a  mild  fixed  alkali;  secondly,  the  third  experiment  shews  evidently 
that  its  earth  is  of  the  calcareous  kind,  as  appears  by  the  styptic  taste  and  changeable- 
colored  film,  agreeing  exactly  with  common  limewater.  It  seems  probable  that  the 
vehemence  of  the  fire  had  in  part  expelled  the  acid,  leaving  a  portion  of  the  masB  in 
the  state  of  quicklime. 

•   Of  more  direct  geological  bearing  is  a  letter  from  Benjamin  De  Witt 
to  the  Philadelphia  Academy,  printed  in  the  second  volume  (1793) 
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of  their  Transactions.  He  mentioned  the  occurrence  of  iron  ore, 
gypsum,  calcareous  petrifactions,  red,  slaty  stones,  soft  clay,  a  white 

fossil  substance,  rock  crystal,  a  curious  annular  stone, 
SwSStTiTJS?"  ***  ^^^  sixty -four  specimens  of  some  varieties  of  stone 

fomid  on  the  shore  of  Lake  Ontario.  Discussing  this 
last  occurrence,  he  wrote: 

Now,  it  is  almoet  impoeeible  to  believe  that  so  great  a  variety  of  stones  should  be 
natoially  formed  in  one  place  and  of  the  same  species  of  earth.  They  must,  there- 
fore, have  been  conveyed  there  by  some  extraordinary  means.  I  am  inclined  to 
believe  that  this  may  have  been  effected  by  some  mighty  convulsion  of  nature,  such 
as  an  earthquake  or  eruption;  and  perhaps  this  vast  lake  may  be  considered  as  one 
of  those  great  fountains  of  the  deep  which  were  broken  up  when  our  earth  was  del- 
aged  with  water,  thereby  producing  that  confusion  and  disorder  in  the  composition 
of  its  surface  which  evidently  seems  to  exist. 

So  far  as  I  am  aware,  this  is  the  first  recognition  of  or  attempt  to 
account  for  the  glacial  drift,  although  its  glacial  character  was  of 
course  undreamed  of. 

It  is  perhaps  not  strange  that,  with  the  cosmogonists  not  yet  fully 
out  of  the  field,  the  '* many-sided"  Franklin  should  have  indulged  in 
theories  relative  to  the  earth's  history,  nor  that  such  were,  at  the  time, 

thought  worthy  of  consideration.  In  1788,  in  a  letter 
ThSoriHK  TtSS!^"'*  ^^  ^^^  Ahb^  Soulavie,  he  suggested  that  the  earth  may 

not  be  solid  to  the  core,  but  that  the  outer  portion  or 
shell  is  floating,  as  it  were,  on  an  internal  fluid  more  dense  than  any 
solids  of  which  we  have  knowledge.  He  was  led  to  this  view  from 
seeing  at  the  base  of  one  of  the  Derbyshire,  England,  mountains, 
^'^  oyster  shells  mixed  in  the  stones,"  a  condition  of  affairs  indicating 
an  elevation  of  this  portion  of  the  land  above  the  sea  level  and  which 
he  conceived  could  not  take  place  were  the  earth  solid.     He  wrote: 

Thus  the  surface  of  the  globe  would  be  a  shell,  capable  of  being  broken  and  dis- 
ordered by  any  violent  movements  of  the  fluid  on  which  it  rested.  And  as  air  has 
been  compressed  by  art  so  as  to  be  twice  as  dense  as  water,  in  which  case  if  such 
air  and  water  could  be  contained  in  a  strong  glass  vessel  the  air  would  be  seen  to 
take  the  lowest  place  and  the  water  to  float  above  and  upon  it;  and  as  we  know  not 
yet  the  degree  of  density  to  which  air  may  be  compressed;  and  M.  Amontons  calcu- 
lated, that  its  density  increasing  as  it  approached  the  center  in  the  same  proportion 

as  above  the  surface,  it  would  be  at  the  depth  of leagues  heavier  than  gold, 

poflsibly  the  dense  fluid  occupying  the  internal  parts  of  the  globe  might  be  air  com- 
pressed. And  as  the  force  of  expansion  in  dense  air  when  heated  is  in  proportion 
to  its  density;  this  central  air  might  afford  another  agent  to  move  the  surface,  as  well 
as  be  of  use  in  keeping  alive  the  subterraneous  fires;  though  as  you  observe,  the 
sadden  rarefaction  of  water  coming  into  contact  with  those  fires  may  also  be  an  agent 
sufficiently  strong  for  that  purpose  when  acting  between  the  incumbent  earth  and 
the  fluid  on  which  it  rests. 

If  one  might  indulge  imagination  in  supposing  how  such  a  globe  was  formed,  I 
should  conceive  that  all  the  elements  in  separate  particles  being  originally  mixed  in 
confusion  and  occupying  a  greater  space,  they  would,  as  soon  as  the  Almighty  fiat 
ordained  gravity  or  the  mutual  attraction  of  certain  parts  and  the  mutual  repulsion 
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of  other  parts  to  exist,  ^11  move  toward  their  common  center;  that  the  air  being  a  fluid 
whose  parts  repel  each  other,  though  drawn  to  the  common  center  by  their  gravity, 
would  be  densest  toward  the  center  and  rarer  as  more  remote;  consequently  all 
matters  lighter  than  the  central  part  of  that  air  and  immersed  in  it  would  recede 
from  the  center  and  rise  till  they  arrived  at  tliat  region  of  the  air  which  was  of  the 
same  specific  gravity  with  themselves  where  they  would  rest;  while  other  matter 
mixed  with  the  lighter  air  would  descend,  and  the  two  meeting  would  form  the 
shell  of  the  first  earth,  leaving  the  upper  atmosphere  quite  clear.  The  original 
movement  of  the  parte  toward  their  common  center  would  naturally  form  a  whirl 
there,  which  would  continue  in  the  turning  of  the  new-formed  globe  upon  its  axis, 
and  the  greatest  diameter  of  the  shell  would  be  in  ite  equator.  If  by  any  accident 
afterwards  the  axis  should  be  changed,  the  dense  internal  fluid  by  altering  its  form 
must  burst  the  shell  and  throw  all  its  substance  into  the  confusion  in  which  we 
find  it. 

Again,  in  a  letter  to  Mr.  Bodoin,  under  date  of  1790,  he  said: 

Let  me  add  another  question  or  two,  not  relating,  indeed,  to  magnetism,  but,  how- 
ever, to  the  theory  of  the  earth. 

Is  not  the  finding  of  great  quantities  of  shells  and  bones  of  animals  (natural  to  hot 
climates)  in  the  cold  ones  of  our  present  world  some  proof  that  ite  present  poles  have 
been  changed?  Is  not  the  supposition  that  the  poles  have  been  changed  the  easiest 
way  of  accounting  for  the  deluge  by  getting  rid  of  the  old  difliculty  how  to  dispose 
of  ite  waters  after  it  was  over?  Since,  if  the  poles  were  again  to  be  changed  and 
placed  in  the  present  equator,  the  sea  would  fall  there  about  15  miles  in  height  and 
rise  as  much  in  the  present  polar  regions,  and  the  effect  would  be  proportionable  if 
the  new  poles  were  placed  anywhere  between  the  present  and  the  equator. 

Does  not  the  apparent  wrack  of  the  surface  of  this  globe,  throwQ  up  into  long 
ridges  of  mountains,  with  strata  in  various  proportions,  make  it  probable  that  ite 
internal  mass  is  a  fiuid,  but  a  fiuid  so  dense  as  to  float  the  heaviest  of  our  substances? 
Do  we  know  the  limit  of  condensation  air  is  capable  of  ^  Supposing  it  to  grow  denser 
within  the  surface  in  the  same  proportion  nearly  as  we  find  it  does  without,  at  w;hat 
depth  may  it  be  equal  in  density  with  gold? 

Can  we  easily  conceive  how  the  strata  of  the  earth  could  have  been  so  deranged 
if  it  had  not  been  a  mere  shell  supported  by  a  heavier  fluid?  Would  not  such  a 
supposed  internal  fluid  globe  be  immediately  sensible  of  a  change  in  the  situation  of 
the  earth* s  axis,  alter  its  form,  and  thereby  burst  the  shell  and  throw  up  parte  of  it 
above  the  rest? 

As  if  we  would  alter  the  proportion  of  the  fluid  contained  in  the  shell  of  an  egg 
and  place  ite  longest  diameter  where  ite  shortest  now  is  the  shell  must  break  if  the 
whole  internal  substance  were  as  solid  and  hard  as  the  shell. 

Might  not  a  wave»by  any  means  raised  in  this  supposed  internal  ocean  of  extremely 
dense  fluid,  raise  in  some  degree  as  it  passes  the  present  shell  of  incumbent  earth 
and  break  it  in  some  places,  as  in  earthquakes?  And  may  not  the  progress  of  such 
wave  and  the  disorders  it  occasions  among  the  solids  of  the  shell  account  for  the 
rumbling  sound  being  first  heard  at  a  distance,  augmenting  as  it  approaches,  and 
gradually  dying  away  as  it  proceeds?  A  circumstance  observed  by  the  inhabitante  of 
South  America  in  their  last  great  earthquake — that  noise  coming  from  a  place  some 
degrees  north  of  Lima  and  being  traced  by  enquiry  quite  down  to  Buenos  Ayres, 

proceeding  r^ularly  from  north  to  south  at  the  rate  of leagues  \\er  mii^ute,  as  I 

was  informed  by  a  very  ingenious  Peruvian  whom  1  met  in  Paris. 
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Franklin  was  not  the  only  one  of  our  statesmen  who  at  that  time 
felt  at  liberty  to  indulge  in  study  and  speculation  on  scientific  subjects. 
Thomas  Jefferson,  when  he  came  to  Philadelphia  to  be  inaugurated 
Vice-President  in  1797,  brought  with  him  a  collection 
pykwntotoffivt.  1797.  ^^  fossil  l>ones  from  the  western  part  of  Virginia,  and 
the  manuscript  of  a  memoir  upon  them,  which  he  read 
before  the  American  Philosophical  Society,  of  which  he  had  been 
elected  president  the  preceding  year."  And  again  in  1801,  when  Con- 
gress was  vainly  trying  to  untangle  the  diflBculties  arising  from  the  tie 
vote  between  Jefferson  and  Burr,  when  every  politician  at  the  Capitol 
was  busy  with  schemes  and  counter-schemes,  Jefferson  was  corre- 
sponding with  Doctor  Wistar  in  regard  to  some  bones  of  the  mam- 
moth which  he  had  just  procured  from  Shawangunk,  in  New  York; 
and  still  again,  in  1808,  when  the  excitement  over  the  embargo  was 
highest,  and  when  every  day  brought  fresh  denunciation  of  him  and 
his  policy,  he  was  carrying  on  his  geological  studies  in  the  White 
House  itself.  Under  his  direction  upward  of  three  hundred  speci- 
mens of  fossil  bones  had  been  brought  from  the  famous  Big  Bone 
Lick,  of  Kentucky,  and  spread  in  one  of  the  large  unfinished  rooms 
of  the  Presidential  Mansion.  The  explpration  of  this  lick,  it  should 
be  noted,  was  made  at  the  private  expense  of  Jefferson,  through  the 
agency  of  Gen.  William  Clarke,  the  western  explorer.* 

The  appearance  of  bones  of  animals  of  large  size  and  now  extinct, 
as  described  by  Jefferson,  naturally  excited  the  attention  of  the 
curious,  and  numerous  accounts  of  similar  occurrences  began  to  find 
their  way  into  print.  In  the  Transactions  of  the  American  Philo- 
sophical Society,  under  date  of  1802,  is  given  an  abstract  of  a  commu- 
nication by  Martin  Duvalde  regarding  the  finding  of  bones  supposed  to 
be  those  of  an  elephant  in  the  Opelousas  country  west  of  the  Missis- 
sippi, i.  e.,  in  Louisiana. 

Of  greater  interest,  however,  is  a  paper  by  the  artist  and  naturalist, 
Rembrandt  Peale,  entitled  Account  of  the  Skeleton  of  the  Mammoth, 
A  Nondescript  Carnivorous  Animal  of  Immense  Size  Found  in  Amer- 
ica. This  was  printed  in  London  under  date  of  1802, 
^ml^^t^iioi,  a"<*  dedicated  to  Sir  Joseph  Banks,  Bart.,  President 
of  the  Royal  Society.  The  particular  skeleton  de- 
scribed was  exhumed  in  the  vicinity  of  Newburgh,  New  York,  in  1801.^ 
The  animal  was  regarded  by  Peale  as  unquestionably  carnivorous  from 

a  This  paper  was  published  in  the  Transactions  of  the  Society,  IV,  1799,  a,s  was 
also  Doctor  Wistar's  more  detailed  description  of  the  b^mes  themselves. 

^  The  Origin  of  the  National  Scientific  and  Educational  Institutions  of  the  United 
States,  by  G.  Brown  Goode. 

^  Sufficient  material  was  found  to  form  two  skeletons,  one  of  which  was  sent  to 
London  and  the  other  to  Philadelphia,  where  it  was  subsequently  destroyed  by  fire. 


Digitized  by  VjOOQ IC 


214  KEPORT    OF   NATIONAL    MUSEUM,  1904. 

the  structure  of  the  teeth  and  jaw,  and  he  concluded  his  description 
with  a  quotation  from  Dbctor  Dunter: 

If  this  animal  was  indeed  carnivorous,  which  I  believe  can  not  be  doubted,  though 
we  may  as  philosophers  regret  it,  as  men  we  cannot  but  thank  Heaven  that  its 
whole  generation  is  probably  extinct. « 

Turning  once  more  to  the  Transactions  of  the  American  Philosoph- 
ical Society,  we  find  in  1799  Thomas  P.  Smith  giving  an  account  of 
''crystalline  basalts"  found  in  the  Conewago  Hills,  near  Elizabeth- 
town  in  Pennsylvania.  The  ''  crystals  "  were  described 
the  Conewago  Hills,  as  generally  tetrahedral  and  of  very  fine  grain.  The 
massive,  noncolumnar  form  was  spoken  of  as  amor- 
phous, but  it  "has  generally  a  very  strong  tendency  to  crystallize." 
Crystallized  granite  in  predominating  tetrahedral  forms  was  also  de- 
scribed. In  the  same  transactions  (1807)  S.  Godon  made  certain  obser- 
vations for  a  mineralogical  map  of  Maryland,  in  which  he  noted  the 
occurrence  of  gneiss  and  greenstone  in  the  the  vicinity  of  Washington, 
and  the  finding  of  ''fossil  bodies,"  shells,  and  fossil  woods  in  a  ravine 
near  Rock  Creek  Church.  The  city  itself  was  rightly  described  as 
built  on  alluvial  land,  Rock  Creek  forming  the  boundary  between  the 
primary  and  alluvial  soil. 

In  February  of  this  same  year  B.  H.  Latrobe  read  before  the  society 
a  paper  describing  the  geographic  distribution  of  the  sand  rock  quar- 
ried at  Aquia  Creek  on  the  Potomac,  and  used  in  some  of  the  public 
buildings  of  Washington.  The  marked  croas-bedding,  so  prominent  a 
feature  in  the  stone,  he  ascribed  to  wind  action.  A  fact  of  more  geo- 
logical importance  is,  however,  his  recognition  of  the  *'fall  line" — of 
the  fact  that  a  line  drawn  along  the  lower  falls  of  our  rivers  is  the 
ancient  line  of  the  seacoast  from  New  York  to  the  southwest,  and  indi- 
cates a  higher  ocean  level  of  some  120  feet.     SchOpf,  it  will  be  remem- 

«The  first  mention  of  bones  of  the  American  mammoth  upon  record  appears  to  be 
that  made  by  Dr.  Cotton  Mather,  of  Boston,  in  a  paper  communicated  to  the  Royal 
Society  in  1714.  The  object  of  this  worthy  divine  seems  to  have  been  to  corroborate, 
by  the  discovery  of  the  bones,  the  account  given  in  Scripture  of  a  race  of  antediluvian 
giants.  He  inclines  to  this  opinion  from  the  circumstance  that  bones  have  been  dug 
up  in  America  of  an' enormous  size,  and  yet  resembling  in  their  formation  those  of 
the  human  body.  Th^e  bones,  he  states,  were  found  in  1705  near  Albany,  on  the 
Hudson.  Among  them  was  a  grinder  weighing  4}  pounds;  another  tooth,  broad  and 
flat,  like  an  incisor;  a  third  like  the  eye  tooth  of  man  when  worn  away  by  mastica- 
tion, and  a  bone,  supposed  to  be  that  of  the  thigh,  which  was  17  feet  in  length.  The 
ground  for  75  feet  around  the  spot  where  these  bohes  were  discovered  he  asserts  to 
have  been  of  a  different  color  and  substance  from  the  surrounding,  a  difference  which 
he  attributes  to  the  effects  produced  by  the  rotting  of  the  flesh  of  the  animal.  Some 
of  these  bones  were  found  at  a  distance  of  50  leagues  from  the  sea,  and  at  a  great 
depth  in  the  earth.  An  account,  so  manifestly  tinctured  by  credulity  and  evincing 
such  entire  ignorance  of  anatomy,  excited  but  little  attention  in  the  scientific  world, 
and  scarce  any  further  notice  of  these  bones  can  be  found  for  nearly  thirty  years. — 
An  Account  of  the  Fossil  Bones  of  the  Great  American  Mammoth,  by  John  Wanl, 
M.  D.,  in  Boston  Journal  of  Philosophy,  I,  1823-24,  pp.  263, 264.  ^^  — ----^^- 
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Professor  of  Chemistry,  Yale  College. 
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bered,  recognized  this  fall  line,  though  it  does  not  appear  that  he  put 
a  like  interpretation  upon  the  phenomenon. 

At  this  date,  it  is  well  to  note,  none  of  the  sciences  were  taught  in 
the  colleges  and  other  institutions  of  learning  in  America.  Indeed, 
the  general  trend  of  public  opinion  was  decidedly  against  the  study  of 
geology  or  the  investigation  of  any  question  which 
Bc^uiua  suttau  might  lead  to  the  discovery  of  supposed  inconsisten- 
cies in  the  Mosaic  account  of  creation  or  to  conclusions 
in  any  degree  out  of  harmony  therewith.  The  movement,  therefore, 
by  Professor  Dwight  in  1798  toward  the  establishment  in  Yale  College 
of  a  department  for  the  teaching  of  these  subjects,  was  of  the  greatest 
importance  and  of  far-reaching  consequences.  This  movement  cul- 
minated in  1802  with  the  appointment  of  Benjamin  Silliman  to  the 
professorship  of  chemistry  and  natural  science  in  that  institution. 
Silliman  was  at  that  time  about  twenty-two  years  of  age,  only  recently 
admitted  to  the  bar,  and  was  serving  as  a  tutor  in  law,  with  not  even 
the  most  rudimentary  knowledge  of  the  science  he  was  to  teach.  He 
wrote: 

The  appointment  wm  of  conree  the  cause  of  wonder  to  all  and  of  cavil  to  political 
enemies  of  the  college.  Although  I  persevered  in  my  legal  studies  *  *  *  I  goon 
after  the  confidential  communication  of  President  Dwight  [informing  him  of  his 
probable  appointment]  obtained  a  few  books  on  chemistry  and  kept  them  secluded 
in  my  secretary,  occasionally  reading  in  them  pnvately.  This  reading  did  not  profit 
me  much.  Some  general  principles  were  intelligible,  but  it  became  at  once  obvious 
to  me  that  to  see  and  perform  experiments  and  to  bei^me  familiar  with  many  sub- 
stances was  indispensable  to  any  progress  in  chemistry,  and  of  course  I  must  resort 
to  Philadelphia,  which  presented  more  advantage  to  science  than  any  other  place  in 
our  country,  o 

To  Philadelphia  he  accordingly  went  in  the  autumn  of  1802,  remain- 
ing for  nearly  five  months  attending  the  lectures  on  chemistry  given 
by  Dr.  James  Woodhouse  in  the  Medical  School  of  Philadelphia.  His 
own  first  lecture  at  Yale  was  delivered  April  4,  1804,  while  in  his 
twenty-fifth  year,  in  a  room  in  Mr.  Tuttle's  building  on  Chapel  street. 

Few  geological  papers  bear  Sifliman's  name,  and  he  is  better  known 
as  a  teacher  and  public  lecturer.  That  which,  however,  has  tended 
more  than  anything  else  to  keep  him  in  constant  remembrance  is  his 
American  Journal  of  Science,  founded  in  1818,  some  eight  years  after 
the  suspension  of  the  American  Journal  of  Mineralogy,  to  be  noted 
later.  The  publication  has  continued  down  to  the  present  day,  and  it 
is  therefore  one  of  the  oldest  and  perhaps  the  most  important  geo- 
logical periodical  extant  in  America. 

Silliman  resigned  hi^  professorship  in  1849  and  died  on  December 
24,  1864,  having  through  his  own  efforts  as  a  teacher,  but  more  par- 
ticularly through  his  personal  influence  as  a  writer  and  lecturer,  prob- 
ably done  more  to  advance  the  science  of  geology  than  any  man  of 
his  day.     Nevertheless,  looking  down  the  vista  of  a  hundred  years  of 

«G.  P.  Fisher,  Life  of  B.  Silliman.     New  York,  1866.    -y -----C)gle 
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advancement,  the  spectacle  of  this  young"  lawyer  secluding  in  his  desk 
sundry  books  which  he  read  privately  in  order  to  fit  himself  for  the 
position  of  a  professorship  in  Yale  is  edifying  to  say  the  least. 

On  January  1,  1800,  the  Connecticut  Academy  of  Sciences  had 
addressed  a  circular  letter  to  every  town  in  the  State,  containing  sub- 
jects of  inquiry  arranged  under  thirty-two  distinct  heads,  and  request- 
ing answers.  To  the  fifth  of  these  inquiries  Silliman 
Minenuon^of  New  responded  in  1806  with  a  sketch  of  the  mineralogy  of 
the  town  of  New  Haven.  This  was  published  in  the 
Transactions  of  the  Society  in  1810,  and  is  of  interest  as  being  the 
first  attempt  at  a  geological  description  of  the  region,  as  well  as  being 
Silliman's  first  attempt  at  a  geological  survey. 

With  much  laborious  argument  he  showed  that  the  town  of  New 
Haven  is  itself  situated  on  an  alluvial  plain.  East  Rock  he  described 
as  a  whinstone,  trap,  or  basalt,  identical  with  that  from  the  Salisbury 
Craig  near  Edinburgh,  Scotland. 

The  stone  is  reckoned  amonp:  the  argillaceous  clays  by  some  mineralogists  and  by 
others  among  the  siliceous.  The  predominant  ingredient  is  certainly  silex  or  flinty 
earth,  although  when  breathed  upon  it  emits  the  nmell  of  clay,  which  would  induce 
one  to  refer  it  to  the  argillaceous  family. 

He  would  account  for  its  presence  on  the  supposition  that  it  had — 

actually  been  melted  in  the  bowels  of  the  earth  and  ejected  among  the  superior 
strata  by  the  force  of  subterraneous  fire,  but  never  erupted  like  lava,  cooling  under 
the  pressure  of  the  superincumbent  strata  and  therefore  compact  or  nonvesicular,  its 
present  form  being  due  to  erosion. 

Thus,  at  this  early  date  and  with  a  very  limited  amount  of  experi- 
ence, Silliman  was  able  to  discriminate  between  effusive  and  deep- 
seated  rocks.  The  rock  resting  upon  the  sandstone  to  the  southeast 
of  East  Rock  he  found  somewhat  puzzling.  "  We  must  pronounce  it 
granitic,  although  it  is  not  a  granite,  and  inclined  to  whin,  although  it 
is  not  a  whinstone,"  he  wrote,  finally  concluding  that  it  formed  a  con- 
necting link  between  granite  and  whinstone.  Pine  Rock  and  West 
Rock  were  also  identified  as  whin  rock  and  basalt  resting  upon  sand- 
stone. Quartz  and  sjindstone  found  at  Westfield  and  at  the  Derb}- 
pike  were  referred  to  as  '^micacious  and  magnesian  schistus."'  He 
modestly  concluded  his  paper  by  adding: 

If  there  are  errors  (in  the  above)  they  are  not  the  result  of  indolent  and  remiss 
inquiry,  but  of  deficient  information  or  erroneous  judgment. 

In  these  same  Transactions,  under  date  of  1808,  Silliman,  in  conjunc- 
tion with  Professor  Kingsley,  gave  a  very  full  account  of  the  meteor- 
ite that  fell  in  Weston,  Connecticut,  the  year  previous.     This  was  the 

first  really  scientific  description  of  the  phenomena 
Meteor%??808.        attending  the  faH  of  one  of  these  bodies,  as  well  as  of 

its  mineral  nature,  that  had,  up  to  that  time,  been 
given  in  America,  and  it  attracted  widespread  attention.  It  was  this 
account  concerning  which  Jefferson  is  said  to  have  remarked:  "It  is 
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easier  to  believe  that  two  Yankee  professors  will  lie  than  to  admit  that 
stones  can  fall  from  heaven.''" 

A  piul^jy  duode(»im()  volume  of  some  5()0  pages,  from  the  pen  of  a 
Dr.  James  Me^se,  and  l>earing  the  date  1807,  may  be  mentioned  here, 
not  so  much  on  account  of  the  scientiOc  value  of  its  contents  as  the 

pretentiousness  of  its  title:  A  Geolocncal  Account  of 
Aocooiitof  the  the  United  States,  Comprehending  a  short  Description 

of  their  Animal,  Vegetable,  and  Mineral  Productions, 
Antiquities,  and  Curiosities.  The  portion  really  geological  comprises 
8ome  30  pages,  though  25  more  are  given  up  to  a  catalogue  of  minerals. 
The  geological  part  is  acknowledgedly  a  compilation  from  the  writings 
of  Volney,  Mitchill,  and  others.  The  country  is  divided  into  (1) 
granitic  region,  (2)  region  of  sandstone,  (3)  calcareous  region,  (4) 
region  of  sea  sand,  and  (5)  region  of  river  alluvions,  the  boundaries  of 
each  of  which  are  given  in  seme  detail.  The  truly  scientific  character 
of  the  work  is  shown  by  the  following  quotation  taken  from  a  descrip- 
tion of  the  narrows  of  the  Connecticut  River. 

No  living  creature  was  ever  known  to  pass  through  this  narrow  except  an  Indian 
woman,  who  was  in  a  canoe,  attempting  to  cross  the  river  above  it,  but  carelessly  suf- 
fered herself  to  fall  within  the  power  of  the  current.  Perceiving  her  danger  she  t<x)k 
a  bottle  of  mm  she  had  with  her  and  drank  the  whole  of  it;  then  lay  down  in  her 
canoe  to  meet  her  destiny.  She  marveloiisly  went  through  safely,  and  was  taken  out 
of  the  canoe  some  miles  lielow  quite  intoxicated. 

The  year  1809  must  ever  be  notable  in  the  history  of  American  geol- 
ogy, since  it  brought  forth  Maclure's  Observations  on  the  Geology  of 
the  United  States,  with  a  colored  geological  map  of  the  region  east  of 

the  Mississippi.  With  the  exception  of  Guttard's 
Geoiocyof  the  mineraloffical  map  of  Louisiana  and  Canada,  published 

in  1752,  it  was  the  earliest  attempt  at  a  geological  map 
of  America,  and  has  caused  its  author  to  become  known  as  the  father 
of  American  geology  and  the  William  Smith  of  America.* 

Maclure's  personal  history  is  not  without  interest  in  itself,  and  is 
worthy  of  note  here  on  account  of  his  relation  to  American  science  and 
as  illustrating  the  conditions  under  which  a  man  at  that  date  could  rise 
to  prominence  in  geological  circles  with  little  or  no  preliminary  training. 

«G.  Brown  Goode,  Beginnings  of  American  Science.  ThivS  writer,  however,  dis- 
credits the  authenticity  of  the  report,  regarding  it  one  of  the  millions  of  slanders  to 
which  Jefferson  was  subjected  in  those  days. 

^See  article  by  J.  W.  Judd,  Geological  Magazine,  London,  October,  1897,  for  account 
of  Smith's  work.  What  is  believed  by  Professor  Judd  to  be  actually  the  first  geo- 
logical map  in  existence  is  one  of  Smith's,  published  in  1799.  This  bears  the  follow- 
ing title:  A  map  of  five  miles  around  the  City  of  Bath  (England),  on  a  scale  of  one 
inch  and  a  half  to  the  mile,  from  an  actual  sur\'ey,  including  all  the  new  roads,  with 
alterations  and  improvements  to  the  present  time  (1799),  printe<l  for  and  sold  by  A. 
Taylor  and  W.  Moyler,  booksellers,  Bath. 

The  map  by  Cuvier  and  Brongniart  of  the  environs  of  Paris  l)ears  the  date  of  1809, 
which  is  the  same  as  that  of  the  first  e<liti(m  of  Maclure's.         Digitized  by  GoOqIc 
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He  was  born  at  Ayr,  Scotland,  in  1763,  and  first  came  to  America 
at  the  age  of  nineteen,  witli  a  view  to  mercantile  employment,  subse- 
quently returning  to  London,  where  he  commenced  his  career  of  com- 
mercial enterprise  as  a  partner  in  the  house  of  Miller,  Hart  &  Co.  He 
seems  to  have  lieen  remarkably  successful,  and  accumulated  a  consider- 
able fortune.  In  1796  he  again  visited  America  and,  it  is  stated,  took 
the  necessary  steps  for  becoming  an  American  citizen. 

He  was  a  liberal  patron  of  science,  and  for  twenty-two  years,  begin- 
ning with  December,  1817,  was  president  of  the  Philadelphia  Academy 
of  Natural  Sciences,  to  which  institution  he  subsequently  donated  his 
valuable  private  library  and  some  $20,000  in  money. 

After  retiring  from  business,  and  prior  to  1809,  Maclure  spent  sev- 
eral yeai's  in  England  and  on  the  continent  of  Europe,  traversing  the 
most  interesting  portions  of  the  Old  World  from  the  Mediterranean 
Sea  to  the  Baltic  and  from  the  British  Isles  to  Bohemia.  On  return- 
ing to  America  he  took  up  the  important  enterprise,  noted  above,  of 
preparing  a  geological  map  of  the  United  States.  To  accomplish  this, 
in  the  language  of  his  biographer: 

He  went  forth  with  his  hammer  in  hand  and  his  wallet  on  his  shoulder,  pnrsuing 
his  researches  in  every  diretrtion,  often  amid  pathless  tracts  and  dreary  solitudes, 
until  he  had  cnissed  and  recrossed  the  Allegheny  Mountains  no  less  than  fifty  times. 
He  encountered  all  the  privations  of  himger,  thirst,  fatigue,  and  exposure,  month 
after  month  and  year  after  year,  until  his  indomitable  spirit  had  conqueretl  every 
difficulty  and  crowned  his  enterprise  with  success. 

Like  several  of  the  scientists  of  his  time,  Maclure  in  1824  became 
interested  in  the  communistic  society  at  New  Harmony,  Indiana, 
founded  by  the  elder  Owen.  He  was,  however,  seriously  disappointed 
in  the  outcome  and  withdrew  about  1827. 

It  was,  presumably,  during  his  connection  with  this  association  that 
he  is  quoted  as  refusing  to  invest  money  in  real  estate  in  the  city  of 
Philadelphia,  saying: 

Land  in. the  cities  can  no  longer  rise  in  value.  The  communistic  society  must  pre- 
vail, and  in  the  course  of  a  few  years  Philadelphia  must  be  deserted;  those  who  live 
long  enough  may  come  back  here  and  see  the  foxes  looking  out  of  the  windows. 

Opinions  like  this  and  those  which  follow  are  quoted  here,  not  for 
the  purpose  of  belittling  Maclure  in  the  least,  but  as  showing  how 
impossible  it  was  at  that  time  for  any  man  to  realize  all  that  was  in 
store  for  the  United  States. 

The  possibilities  of  railroad  transportation  were  scarcely  dreamed 
of,  and  mountain  barriers  and  desert  plains  were  looked  upon  as  natu- 
ral boundaries  between  various  peoples.  From  an  examination  of 
maps  of  the  United  States,  Maclure  was  inclined  to  divide  the  country 
into  three  distinct  and  separate  parts,  differing  materially  from  each 
other  in  their  relative  situation  and  in  their  means  of  communication 
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William  Maclure. 
President  of  the  Philadelphia  Academy  of  Natural  Sciences. 
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with  the  rest  of  the  globe.  The  natural  line  of  separation  between  the 
two  main  divisions  was  that  formed  by  the  Allegheny  Mountains, 
which,  from  the  poorness  of  the  soil  and  the  difficulty  of  access  to 
market,  he  regarded  as  probably  the  last  portion  of  the  continent  to 
become  thickly  inhabited. 

To  the  west  of  this  range  was  the  Mississippi  basin,  which,  in  his 
view,  was  destined,  on  account  of  climate  and  soil,  to  become  a  coun- 
try of  immense  agricultural  capabilities.  Traversed  by  only  one  great 
river,  which  is  practically  inaccessible  to  large  ships  of  war,  this  sec- 
tion, inclosed  by  the  AUeghenies  on  the  east,  the  Rockies  on  the  west, 
and  the  Lakes  at  the  north,  he  felt  to  be  guarded  against  invasion  by  the 
comparative'  weakness  of  their  mountain  neighbors  and  the  impossi- 
bility of  attack  by  sea.  It  would  therefore  be  given  over  to  a  nation 
of  agriculturalists,  the  rulers  of  which  would  by  nature  be  deprived  of 
even  an  excuse  for  keeping  either  a  fleet  or  army  such  as  had  in  the 
past  always  brought  about  the  ruin  of  free  and  equal  representative 
governments. 

He  wrote: 

On  this  earth  or  in  the  page  of  history  it  is  probable  no  place  can  be  foand  of  the 
same  extent  so  well  calculated  to  perpetuate  a  free  and  equal  representative  govern- 
ment as  the  basin  of  the  Mississippi,  both  from  its  physical  advantages  and  the 
political  constitutions  on  which  the  state  of  society  is  bottomed. 

The  people  of  the  Atlantic  slope,  he  felt,  would,  however,  labor 
under  entirely  different  conditions.  Placed  on  an  extensive  coast, 
accessible  at  all  points,  with  numerous  rivers,  they  were  liable  to  the 
depredations  of  a  superior  fleet  and  would  naturally  become  a  military 
people  and  involved  in  wars  with  European  nations. 

Maclure^s  observations,  as  already  noted,  were  made  in  almost  every 
State  and  Territory  in  the  Union,  from  the  river  St.  Lawrence  to  the 
Gulf  of  Mexico,  and  the  memoir  which  embraces  the  accumulated 
facts  was  submitted  to  the  American  Philosophical  Society  and  printed 
in  their  Transactions  in  1809.  The  map  of  this  issue  is  interesting 
not  alone  for  its  geological  coloring,  but  as  showing  the  paucity  of 
knowledge  regarding  the  physical  features  of  the  continent.  (See  Plate 
1.)  Thus,  a  continuous  range  of  mountains  was  figured  as  extending 
from  northern  Maine,  along  its  western  boundary,  through  eastern 
Vermont,  western  Massachusetts,  across  southeast  New  York  and  New 
Jersey  to  Penns3'lvania.  More  or  less  parallel  ranges  were  figured  as 
extending  down  into  northern  Georgia,  two  of  which  turn  toward  the 
west,  the  more  northerly  of  these  terminating  on  the  Ohio  River  just 
east  of  the  Tennessee,  and  the  other  forming  the  divide  between  the 
Tennessee  and  the  headwaters  of  the  Tombigbee  River.  This  last 
feature  was,  however,  dropped  out  of  the  second  issue,  published 
in  1817- 
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The  classification  of  the  geological  formations  as  adopted  byMaclure 
in  the  later  issue  and  as  given  below,  was  naturally  largely  Wernerian: 

Class  I.  PriniUire  rochf. 

(Sienna  brown.) 

(1)  Granite,  (2)  Gneiss,  (3)  Mica  slate,  (4)  Clay  slate,  (5)  Primitive  limestone, 
(«)  Primitive  trap,  (7)  Serpentine,  (8)  Porphyry,  (9)  Sienite,  (10)  Topaz-rock,  (11) 
Quartz-rock,  (12)  Primitive  flinty  slate,  (13)  Primitive  gypomn,  (14)  White  stone. 

Class  II.   TYarmtion  rocks. 

(Carmine.) 

(1)  Transition  limestone,  (2)  Transition  trap,  (3)  Graywacke,  (4)  Transition  flinty 
slate,  (5)  Transition  gypsum. 

Class  III.  Floetz  or  secondary  rocks. 

(Light  blue.) 

(1)  (dark  blue)  Old  red  sandstone,  or  First  sandstone  formation,  (2)  First  or  oldest 
Floetz-limestone,  (3)  First  or  oldest  Floetz  gypsum,  (4)  Second  or  variegated  sand- 
stone, (5)  Second  Floetz  gypsum,  (6)  Second  Floetz  limestone,  (7)  Thin!  Floetz 
sandstone,  (8)  Rocksalt  formation,  (9)  Chalk  formation,  (10)  Floetz  trap  formation, 
(11)  Independent  coal  formation,  (12)  Newest  Floetz  trap  formation. 

Class  IV.  Alluvial  rocks. 

(Yellow.) 

(1)  Peat,  (2)  Sand  and  gravel,  (3)  Loam,  (4)  Bog  iron  ore,  (5)  Nagel-fluh,  (6)  Calc 
tuff,  (7)  Calc  sinter. 

His  alluvial  class,  it  will  be  observed,  occupied  that  portion  of  the 
Atlantic  border  beginning  with  Long  Island  and  extending  southward 
and  westward  to  the  western  Louisiana  line,  comprising  the  beds  now 
mapped  by  the  U.  S.  Geological  Survey  as  in  part  Cretaceous,  but 
mainly  Tertiary  and  Quaternary,  and  forming  what  is  known,  from 
a  physiographic  standpoint,  as  the  Coastal  Plain.  The  materials 
were  described  as  mainly  sands  and  clays,  with  considerable  beds  of 
shell  deposits,  and  in  New  Jersey  a  greenish-blue  marl  (the  Cretaceous 
glauconitic  marls  of  recent  workers),  used  as  a  manure.  There  were 
also  noted  deposits  of  iron  ore  and  ochre.  His  Primitive  Class  was 
essentially  the  area  mapped  as  Archean  on  the  latest  U.  S.  Geological 
Survey  maps;  the  Transition,  the  narrow  belt  of  sedimentaries  along 
the  Appalachian  range  including  the  various  horizons  from  Algonkian 
to  Carboniferous;  and  the  Secondary  class,  all  that  area  to  the  west 
now  known  to  be  occupied  mainly  by  Carboniferous  and  Silurian  rocks 
with  smaller  areas  of  Algonkian  and  Cambrian.  The  red-brown  sand- 
stones (Triassic)  of  the  Eastern  States  were  classed  as  Floetz  or  Sec- 
ondary and  called  Old  Red  Sandstone.  This  sandstone  he  however 
separated  by  a  deeper  blue  in  the  1818  issue  from  the  secondary  rocks 
on  the  western  side  of  the  range,  because  of  its  having  a  slight  dip 
and  agreeing,  in  the  absence  of  organic  remains  and  its  relative  posi- 
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tion  on  the  sides  of  many  mountain  itinges,  with  his  Transition  rocks. 
To  the  Transition  beds  he  evidently  referred  all  the  crystalline  lime- 
stones and  dolomites  (marbles)  of  western  New  England  and  the 
Southern  States,  together  with  quartzites  and  gray wackes.  The  roof- 
ing slates,  now  regarded  as  of  Cambrian  and  Silurian  ages,  he  classed 
as  secondary.  The  line  between  the  Primitive  and  Transition  may 
"perhaps  be  limrked  by  the  presence  or  absence  of  organic  remains, 
or  of  aggregates  of  rounded  particles  the  result  of  former  decomposi- 
tion, in  part,  by  the  more  or  less  crystalline  texture  and  its  approach 
toward  deposition." 

To  the  northwest  of  the  Transition  belt  lies  an  immense  area  of  sec- 
ondar3'  rocks,  comprising,  as  above  noted,  the  horizontal  limestones  and 
slates  skirting  Lake  Champlain  about  Ticonderoga  and  Crown  Point. 
There  are  also  "immense  beds  of  secondary  limestones,  of  all  shades 
from  a  light  blue  to  black,  intercepted  in  some  places  by  extensive 
tracts  of  sandstone  and  other  secondary  aggregates,"  which  "appear 
to  constitute,  the  foundation  of  this  formation,  on  which  reposes  the 
great  and  valuable  coal  formation,"  which  "extends  from  the  head- 
waters of  the  Ohio  in  Pennsylvania,  with  some  interniption,  all  the 
way  to  the  waters  of  the  Tombigbee."  He  noted  that  along  the  south- 
east boundaries  of  this  formation,  as  on  the  fork  of  the  Ilolston  in 
Virginia  and  in  Greene  County  and  the  Pigeon  River  region  of  Ten- 
nessee, gypsum,  salt  licks,  and  salt  springs  had  been  discovered.  In 
his  first  map  this  is  indicated  by  a  line  of  green  extending  northeast 
and  southwest  entirely  across  the  State.  In  the  second  he  continues 
it  northeast  to  New  York.  The  continuation  of  these  as  far  north  as 
Lake  Oneida,  in  New  York  State,  led  him  to  the  conclusion,  since 
abundantly  verified,  that  "we  may  hope  one  day  to  find  an  abundance 
of  tho^e  two  most  useful  substances  (salt  and  gypsum),  which  are 
generally  found  mixed  or  near  each  other  in  all  countries  that  have 
hitherto  been  carefully  examined."  He  called  attention  to  the  pres- 
ence of  iron  pyrites  in  the  coal  and  limestone,  of  iron  ores  consisting 
principally  of  brown  sparry  and  clay  iron  stone,  aiid  of  galena  in  the 
Mississippi  valley.  On  the  Great  Kanawha,  near  the  mouth  of  Elk 
River,  he  noted  the  presence  of  "a  large  mass  of  black  (I  suppose 
vegetable)  earth,  so  soft  as  to  be  penetrated  by  a  pole  10  or  12  feet 
deep.  Out  of  the  hole  so  made  frequently  issues  a  stream  of  hydrogen 
gas,  which  will  burn  some  time;"  and  he  queried  "if  a  careful  exami- 
nation of  this  place  would  not  throw  some  light  on  the  formation  of 
coal  and  other  combustible  substances  found  in  such  abundance  in  this 
formation."  The  occurrence  of  large  detached  masses  of  granite  over 
an  area  from  Harmony,  in  Indiana,  to  Erie,  New  York,  and  thence  to 
Fort  Ann,  in  some  cases  at  least  200  miles  from  any  known  outcrops, 
was  noted,  but  no  suggestion  made  relative  to  their  probable  means  of 
transportation.  f^  j 
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In  this  same  year  S.  Godon  published  in  the  Memoirs  of  the  Ameri- 
can Academy  of  Arts  and  Sciences  a  paper  of  twenty -seven  pages  on 
Mineralogical  Observations  made  in  the  environs  of  Boston  in  18()7 

•  Godon*.  ^°^  ^^^^' 

Mineraioffkai  As  customary  at  that  time,  rocks  and  minerals  were 

bunched  together  quite  indiscriminately.  He  divided 
his  minerals  into  two  general  groups,  (1)  Simple  minerals  and  (2) 
Aggregate  minerals.  The  simple  minerals  were  then  divided  into 
Acidiferous  substances  (under  which  was  placed  carbonate  of  lime!), 
Earthy  substances.  Combustible  substances,  and  Metallic  substances. 
The  aggregate  minerals  were  classed  under  Primordial  soil  and  Alluvial 
deposits.  Under  the  first  mentioned  (Primordial  soil)  were  placed  all 
the  primary  and  consolidated  sedimentary  rocks  of  the  region.  The 
nomenclature  adopted,  though  somewhat  cumbersome  and  awkward, 
was  not  more  so  than  others  since  devised,  the  name  of  any  rock  being 
formed  by  adding  the  termination  aid  to  that  of  the  most  characteris- 
tic mineral.  Thus  amphiholoid^  fddsparoid^  argilloid  were  the  names 
of  rocks  in  which  amphibole,  feldspar,  or  clay  formed  the  chief  con- 
.  stituent.  The  rhyolites  (quartz  porphyries  and  felsites)  of  the  region 
were  classed  as  simple  petrosilex  and  compound  petrosilex  and  the 
Dorchester  conglomerate  as  wacke. 

The  paper  offers  a  striking  evidence  of  the  lack  of  knowledge  of  the 
composition  of  rocks  and  of  chemical  methods  at  that  date.  Thus  an 
attempt  was  made  at  analyzing  the  "  argilloid"  by  reducing  100  parts 
to  a  ''  subtile"  powder  and  mixing  it  with  an  equal  part  of  concentrated 
sulphuric  acid.  After  standing  fifteen  days  the  solid  portion  remain- 
ing was  removed  from  the  solution  (method  not  stated),  washed,  and 
weighed,  whereby  it  was  found  that  85  per  cent  remained.  The  solu- 
tion was  allowed  to  evaporate  to  dryness,  and  from  the  precipitated 
sulphate  of  lime  thus  obtained  it  was  calculated  that  5.5  parts  out  of 
the  15  parts  soluble  were  of  lime.  Alumina  and  iron  were  determined 
by  precipitation  by  ammonia — 6.75  parts  obtained.  The  liquid  remain- 
ing from  the  alumina-iron  filtrate  was  then  dried  and  heated  till  the 
anmionia  was  driven  off,  the  substance  left  dissolved  in  water  and 
allowed  to  crystallize,  producing  an  admixture  of  '^  well  characterized 
sulphate  of  potash  and  sulphate  of  soda."  ^'  This  analysis,"  while  con- 
fessedly not  of  great  accuracy,  he  wrote,  ''  is  suflicient  to  establish  the 
important  fact  of  the  existence  of  potash  and  soda  as  elements  in  some 
rocks  in  this  part  of  the  world."    Truly  an  important  discovery! 

In  the  same  memoirs  and  this  same  year  Prof.  Parker  Cleaveland,  of 
Bowdoin  College,  perhaps  all  unintentionally,  started  the  controversy 
relative  to  Glacial  and  post-Glacial  uplift  and  depression  by  announ- 
cing the  finding  of  fossil  shells  belonging  to  genera  stiU  living  in 
deposits  of  sand  and  clay  well  above  sea  level  at  Brunswick,  Maine. 


Digitized  by  VjOOQ IC 


AMERICAN    GEOLOGY MACLUREAN    ERA,   1785-1819. 


223 


MlacraloglCAl 
1810 


In  January,  1810,  there  was  established  by  Prof.  Archibald  Bruce 
the  American  Mineralogical  Journal,  the  first  American  publication 
designed  primarily  for  geologists  and  mineralogists.  The  life  of  this 
journal  was,  however,  short,  the  last  issue  bearing  the 
date  of  1814,  and  the  whole  number  comprising  but 
270  pages. 

The  first  paper  was  by  Samuel  L.  Mitchill,  professor  of  natural  his- 
tory and  botany  in  the  University  of  the  State  of  New  York.  This 
consisted  of  an  annotated  catalogue  accompanying  a  suite  of  mineral 
specimens  made  during  a  tour  to  Niagara  in  1809. 

Among  the  other  papers  which  followed  mention  may  be  made  of 
one  by  Colonel  Gibbs  on  the  Iron  Ores  of  Franconia,  New  Hampshire; 
by  Benjamin  Silliman  on  the  Lead  Mines  near  Northampton,  Massa- 
chusetts; by  James  Catbush  on  the  Blue  Earth  of  New  Jersey,  and  by 
W.  Meade  on  Elastic  Marble,  a  ''fossil  of 
rare  occurrence"  found  near  Pittsfield, 
Massachusetts. 

The  more  important  strictly  geological 
papers  were  by  Dr.  Samuel  Akerly  and 
included  a  geological  account  of  Dutchess 
County  in  New  York,  one  on  the  improba- 
bilit}'  of  finding  coal  on  Long  Island  or  in 
the  vicinity  of  New  York,  and  one  on  the 
geology  and  mineralogy  of  the  island  of 
New  York.  Akerly  described  the  high- 
lands of  Dutchess  County  as  consisting  of 
granitic  rocks,  and  the  whole  country  north 
of  the  highlands  as  underlaid  with  primitive 
slate,  most  of  the  hills  being  composed  of 
limestone.  New  York  Island  was  described  as  underlaid  throughout 
its  northern  part  by  primitive  rocks,  granite,  and  limestone;  the  south- 
ern part,  upon  which  the  then  existing  city  was  built,  as  composed  of 
an  alluvion  of  sand,  stone,  and  rocks.  This  he  regarded  as  a  recent 
deposit  ''subsequent  to  the  creation  and  even  the  deluge."  The  man- 
ner in  which  this  alluvial  material  was  deposited  he  described  as 
follows: 

After  the  waters  of  the  Deluge  Jiad  retired  from  this  continent,  they  left  a  vast 
chain  of  lakes,  some  of  which  are  still  confined  within  tlieir  rocky  harriers;  others 
have  since  broken  their  bounds  and  united  with  the  ocean.  The  highlands  of 
New  York  was  the  southern  lx)undary  of  a  huge  collection  of  water,  whicli  was  con- 
fined on  the  west  by  the  Shawangunk  and  Katts-kill  nioiintaiiiH.  The  iiillH  on  the 
east  of  the  Hudson  confined  it  there.  When  the  hills  were  cleft  and  the  mountains 
torn  asunder,  the  water  found  vent  and  overflowed  the  country  to  the  south.  It 
was  then  that  the  channel  of  the  Hudson  was  formed,  and  its  ntream  has  never 
since  ceased  to  flow.  The  earth,  sand,  stones,  and  rocks  brought  down  by  this  tor- 
rent were  deposited  in  various  places,  as  on  this  island.  Long  Island,  Staten  Island, 
and  the  Jerseys.    This  opinion  is  mostly  hypothetical,  because  unsupported  by  ai  p 
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sufficient  number  of  facts,  but  that  it  is  probable  may  l)e  judged  by  what  follows. 
(See  Mitchill's  views  on  p.  231.) 

In  the  same  journal  Samuel  Brown,  of  Lexing^n,  Kentucky,  gave  a 
description  of  a  cave  on  Crooked  Creek,  with  i*emarks  and  observa- 
tions on  niter  and  gunpowder;  Robert  Gilmore,  a  descriptive  cata- 
logue of  minerals  occurring  in  the  vicinity  of  Baltimore;  while  S.  L. 
Mitchill  proposed  an  amendment  to  Maclure's  chart  of  the  United 
States  so  far  as  it  related  to  the  character  of  the  north  side  of  Long 
Island,  which  he  showed  to  be  alluvial  and  not  primitive,  as  stated, 
and  Benjamin  Silliman  described  the  plain  of  New  Haven  as  wholly 
alluvial  and  of  very  recent  origin.  This  paper  is  evidently  a  partial 
reprint  of  one  offered  before  the  Connecticut  Academy  of  Sciences 
in  1810  and  referred  to  elsewhere  (p.  216). 

A  paper  by  J.  Corre  de  Serra,  the  Portuguese  minister  then  resid- 
ing in  Philadelphia,  read  before  the  American  Philosophical  Society 
in  1815,  and  published  in  their  Transactions  in  1818,  is  of  Interest  as 
showing  the  condition  of  knowledge  relative  to  so  commonplace  a 
phenomenon  as  that  of  rock  weathering  and  formation  of  soils.  HLs 
paper  was  entitled  Observations  and  Conjectures  on  the  Formation 
and  Nature  of  the  Soil  in  Kentucky.  He  regarded  this  soil  as  the 
product'^  of  the  decomposition  of  an  immense  deposit  of  vegetables 
which  the  ocean  had  left  uncovered  by  any  other  deposition." 

It  may  be  remembered  that  Jeflferson,  in  his  notes  on  the  State  of 
Virginia,  had  described  in  considerable  detail  and  very  eloquently  the 
now  well-known  Natural  Bridge  of  Rockbridge  County,  which  he 
regarded  as  spanning  a  gigantic  fissure,  the  result  of 
idMsonthe  some  ffrcat  convulsion.     In  the  Transactions  of  the 

American  Philosophical  Society  for  181H  (1818)  Francis 
William  (lilmer  had  a  paper  on  the  same  subject,  illustrated  by  a  full- 
page  plate.  The  bridge  was  described  in  detail  and  its  formation 
ascribed,  not  to  a  sudden  convulsion,  as  argued  by  Jefferson,  or  to 
any  extraordinarily  sudden  deviation  from  the  ordinary  laws  of  nature, 
but  to  the  "very  slow  operation  of  causes  whicrh  have  always  and 
nmst  ever  continue  to  act  in  the  same  manner."  This  cause  he  rightly 
considered  to  be  the  solvent  action  of  meteoric  waters  on  limestone. 
In  this  respect  (lilmer,  although  scarcely  known  to  geological  science, 
was  vastly  in  advance  of  the  workers  of  his  day. 

Three  years  later  the  Rev.  Elias  Cornelius,  a  man  of  education  and 
culture,  but  whose  professional  training  seems  to  have  quite  unfitted 
him  for  the  work  of  a  geologist,  also  discussed  the  subject  in  a  paper 
in  the  Americjin  Journal  of  Science,  giving  the  results 
Rev.  E.  Cornelius,  of  his  observations  on  the  geology  of  parts  of  Virgmia, 
Teimessee,  and  the  Alabama  and  Mississippi  territo- 
ries. He  dissented  from  any  of  the  views  thus  far  expressed,  and  in 
the  sublimity  of  his  faith  could  see  no  good  reason,  or  in  his  own 
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ciMTciBiid'*  crystal  drawings  and  a  colored  geological  map. 

9^^^^'^'PL^  For  most  of  the  geological  observations  and  for  the 
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wordi*,  no  *' difficulty  even  in  supposing  it  (i.  e.,  the  bridge)  to  have 

proceeded  from  the  hand  of  the  Almighty  as  it  is." 

Next  to  Maclure's  Observations  on  the  Geology  of  North  America, 

undoubtedly  the  most  important  of  the  early  publications  was  Parker 

Cleaveland's  Elementary  Treatise  on  Mineralogy  and  Geology,  a  work 

of  upward  of  six  hundred  pages,  with  live  plates  of 
• 

Treatise  on 
Mineralosy 
O«ol0K7, 1816. 

map  Cleaveland  was  indebted  to  Maclure  and  to  writ- 
ten communications  from  H.  H.  Hayden.  The  principal  variation 
from  Maclure's  map  lay  in  the  adoption  of  the  suggestion  of  S.  L. 
Mitchill  regarding  the  extension  of  the  alluvial  deposits  on  Long  Island. 
It  further  differed  from  that  published  by  Maclure  in  1817  in  that  a 
large  portion  of  southern  and  western  Maine  was  colored  as  occupied 
by  transition  rocks,  this  area  having  been  left  blank  by  Maclure. 

The  classification  adopted  in  the  work  was  largely  chemical,  the 
minerals  being  divided  into  (1)  classes,  (2)  orders,  (3)  genera,  and  (4) 
species,  his  definition  of  species  being  "a  collection  of  materials 
which  are  composed  of  the  same  ingredients,  combined  in  the  same 
proportions." 

In  the  tabular  view  given,  all  known  minerals  were  grouped  under 
four  classes,  as  follows:  Class  1,  substances  not  metallic,  composed 
entirely  or  in  part  of  an  acid;  class  2,  earthy  compounds  or  stones; 
clas8  3,  combustibles,  and  class  4,  ores.  As  was  the  case  with  all 
writers  of  that  day,  basalt  and  several  other  compact  rocks  of  indis- 
tinct mineralogical  nature  were  classed  as  minerals.  Thus  is  found 
under  class  2,  species  15,  porcellanite;  species  16,  silicon  slate;  species 
32,  emerald^  and  species  34,  basalt.  This  last  was  described  as  never 
crystallized  but  occurring  "in  large  amorphous  masses,  but  also  under 
a  columnar,  tabular,  or  globular  form "  and  passing  insensibly  into 
**  greenstone,  wacke,  and  perhaps  clinkstone." 

Not  only  was  the  mineralogical  nature  of  basalt  little  understood, 
but  even  its  relationship  to  volcanic  rocks  as  well.  It  was  described 
as  sometimes  found  in  countries  decidedly  volcanic,  but  seldom  near 
the  craters  of  still  active  volcanoes;  "on  the  contrary,  it  appears  at 
the  foot  of  volcanic  mountains  and  sometimes  almost  surrounds  them." 
Some  of  the  most  noted  localities  mentioned  are  the  Giant's  Causeway, 
island  of  Staffa,  the  Erzgebirge,  Auvergne,  etc.  Its  occurrence  in 
the  United  States  was  regarded  as  doubtful,  though  he  noted  its 
reported  occurrenceon  the  Stony  (Rocky)  Mountains.  It  was  regarded 
as  of  both  igneous  and  aqueous  origin. 

Anthiacite,  which  forms  species  6  under  class  3,  combustibles,  was 
descril>ed  as  "strongly  resembling  coal^  from  which,  however,  it 
materially  differs."  It  was  said  to  occur  in  primitive  or  transitional 
rocks,  though  sometimes  connected  with  secondary  rocks.     Obviously, 
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therefore,  it  is  stated,  it  has  not,  at  least  in  many  eases,  resulted  from 
the  decomposition  of  vegetable  matter. 

Pages  586  to  636  of  Cleaveland's  tirst  edition  included  an  introduction 
to  the  study  of  geology.  Some  of  the  statements  here  made  are  of 
interest:  "  Most  of  those  extensive  masses  of  strata,"  he  wrote,  "  with 
which  geology  is  concerned  are  compound  minerals,  or  aggregates, 
composed  of  two  or  more  simple  minerals  mingled  in  various  propor- 
tions and  denominated  rocks."  While  thus  a  division  into  species  and 
genera  may  be  possible  with  minerals,  with  rocks  the  case  is  quite 
differ«:.nt.  ''  It  is  obvious  that  they  can  not  admit  of  distinctions 
which  are  strictly  specific."  This  observation  holds  good  to  the  pres- 
ent day.  His  remarks  on  the  position  of  the  beds  of  rocks  were  no 
less  interesting: 

When  primitive  rocks  ar^  stratified  the  strata  are  seldom  horizontal.  On  the 
contrary,  they  are  often  highly  inclined  and  sometimes  nearly  or  quite  vertical. 
But  whether  these  strata  were  originally  inclined  or  whether,  subsequent  to  their 
formation,  they  have  been  chanjjed  from  a  horizontal  to  an  inclined  position  by  the 
action  of  some  powerful  cause,  is  a  ijuestion  on  which  the  mo«t  disthij^uished  geolo- 
gists are  divided  in  opinion. 

Again: 

It  is  further  evident  that  the  higher  the  level  at  which  any  rtx;k  ap|)ears  at  the 
surface  of  the  earth,  the  older  in  the  rock;  for  H  so  declines  as  to  pass  under  tlu»ee 
rocks  which  appear  at  a  lower  level.  The  only  exception  to  this  general  fact  appears 
in  those  horizontal  strata  of  secondary  rocks  which  sometimes  rest  on  the  summits 
of  high  mountains. 

The  theory  of  the  earth  adopted  by  Cleaveland  is  apparently  that  of 
Cuvier.  In  his  discussion  of  the  origin  of  rocks  and  geological  sys- 
tems he  was  for  the  most  part  a  follower  of  Werner,  though  he  recog- 
nized some  of  the  difficulties  attendant  upon  the  complete  adoption  of 
the  Neptunian  theory.  *' Though  its  genei-al  outlines  may  be  correct, 
we  are  yet  unable  to  give  its  details.  It  seems,  however,  to  be  rather 
encumbered  with  difficulties  than  absolutely  confronted  by  existing 
facts."  His  views  regarding  volcanoes  were  largely  a  reflection  of  those 
advocated  by  his  European  contemporaries,  and  need  but  brief  allusion. 

Many  parts  of  the  external  crust  of  the  earth  are  subject  to  the  action  of  subter- 
raneous fire.  In  some  cases  these  fires  are  comparatively  mild  and  produce  no  impor- 
tant effe<'ts,  excepting  the  destruction  of  the  combustibles  which  feed  them,  and  are 
nothing  more  than  coal  mines  in  a  state  of  combustion.  But  in  other  cases  these 
subterraneous  fires  rage  with  resistless  impetuosity. 

Cleavelaiul  was  a  graduate  of  Harvard  in  the  class  of  1799,  and  was 
in  1805  appointed  to  the  professorship  of  mathematics,  natural  phi- 
losophy, chemistrv,  and  mineralog}^  in  Bowdoin  College,  Brunswick, 

Maine.  He  is  described  by  his  "biographer  (the  elder 
Ctei^eiiuad.  SilHman)  as  a  man  of  great  natuml  ardor  and  activity, 

with  a  reputation  for  zeal,  industry,  and  learning.  To 
these  statements  certainly  no  one  will  take  exception,  when  the  period 
and  magnitude  of  his  work  and  manifold  chamcter  of  hjs  pi;ofessional 
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duties  are  taken  into  consideration.  It  must  be  remembered  that  his 
was  the  first  attempt  made  in  America  at  a  systematic  treatise  on  min- 
eralogy. (Shepard's  came  sixteen  and  Dana's  twenty -one  years  later.) 
The  only  available  foreign  works  were  those  of  Jameson,  Kirwan, 
Werner,  and  Brongniart;  moreover,  there  were  in  America  few,  if 
any,  important  mineral  cabinets,  those  of  B.  D.  Perkins,  Ar<',hibald 
Bruce,  and  Col.  George  Gibbs  alone  being  worthy  of  mention.  The 
work,  we  are  told,  was  received  with  great  favor,  two  editions  being 
issued,  the  second  in  two  volumes  bearing  date  of  1822.  A  third  was 
called  for  but  never  prepared,  owing  to  the  failing  health  of  the  author." 

An  interesting  side  light  is  thrown  by  one  of  the  reviewers  of  the 
first  edition  upon  the  condition  of  the  science  at  that  time.  Thus  he 
wrote  of  Hauy's  "curious  discoveries  regarding  the  six  primitive  fig- 
ures or  solids  which  form  the  base  of  all  crystals,"  and  called  it  ''  the 
most  singular  and  acute  discovery  of  our  age,"  though  "there  is  a 
difference  of  opinion  among  mineralogists  as  to  the  practical  use  of 
crystallography  in  the  discrimination  of  minerals."  The  same 
reviewer  naively  remarked:  "In  this  age  of  bookmaking  it  is  no  small 
negative  praise  if  an  author  be  acquitted  of  unnecessarily  adding  to 
the  onerous  mass  of  books."* 

Not  satisfied  with  his  first  edition,  which,  according  to  Marcou,  was 
published  during  the  author's  absence  in  Europe,  Maclure  immediately 
set  about  obtaining  the  necessary  information  for  a  revision,  and  in 
1817,  after  eight  years  of  hard  work,  presented  the 


t*9  amended  memoir,  which  was  republished  in  the  tmns- 

actions  of  the  Philosophical  Society  and  also  in  the 
form  of  a  separate  volume  of  127  pages,  l)caring  the  same  date.  The 
second  issue  differed  considerably  from  the  first,  the  most  conspicu- 
ous features  being  the  delineation  of  the  mountain  ranges  and  the  cor- 
rection of  man}'  minor  details  regarding  the  distribution  of  various 
geological  formations. 

On  Plate  2  of  this  issue  he  gave  five  sections  across  the  United  States 
from  the  Atlantic,  through  the  Appalachian  regions  and  the  secondary 
rocks  of  the  Mississippi,  which  were  colored  to  correspond  with  the 

« In  a  letter  dated  Madrid,  August  20, 1822,  Maclure  writes  to  CMeaveland  as  follows: 
'  1  felicitate  you  on  a  second  eiiition  of  your  mineralogy  being  po  poon  necessary. 
The  mineralogical  professor  here,  Dn.  Donato  Garcia,  has  the  intention  of  trans- 
lating your  work  into  Spanish  as  the  best  elementary  book  yet  known/'  As  to 
whether  or  not  this  intention  was  carried  out,  the  present  writer  has  no  information. 

'^  The  second  American  work  on  mineralogy  by  one  who  could  with  propriety  be 
called  a  mineralogist  and  original  worker  was  Prof.  C.  U.  Shepard's  Treatise  on 
Mineralogy,  Shepard  being  at  that  time  twenty -eight  years  of  age  and  an  assistant  to 
Professor  Si  Hi  man  at  New  Haven.  The  work,  which  wa.s  founded  on  that  of  the  well- 
known  Austrian  mineralogist,  Mohs,  appeared  in  the  form  of  a  small  octavo  volume 
«if  256  pages.  In  1835  a  sectmd  \mrt  in  two  vohnnes  of  630  pages  appeared.  Being 
purely  mineralogical  in  its  nature,  but  passing  note  can  Ik'  ma<le  of  it  here.  A  second 
edition  was  issued  in  1844.  Digitized  by  GoOglc 
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scheme  in  the  map.  (See  Plate  5.)  The  first  section  extended  from 
Camden  in  Penobscot  Bay,  Maine,  to  Oxboro,  near  Kingston,  on  Lake 
Ontario;  the  second  from  Plymouth,  Massachusetts,  to  Cayuga  Lake, 
New  York;  the  third  from  Egg  Harbor,  New  Jersey,  to  Pittsburg, 
Pennsylvania;  the  fourth  from  Cape  Henry,  Virginia,  to  Arlington, 
in  the  same  State,  and  the  fifth  from  Cape  Fear,  North  Carolina,  to 
Warm  Springs,  in  the  same  State.  The  poverty  of  information  at 
that  time  relative  to  the  Rocky  Mountain  region  is  shown  in  the  state- 
ment that  ^'the  tops  of  the  Stony  Mountains  are  covered  to  a  consid- 
erable extent  with  perpetual  snows  and  pendent  glaciers." 

As  was  the  case  with  a  majority  of  the  earlier  surveys  and  geological 
text-books,  considerable  attention  was  given  to  the  relation  of  the 
science  to  agriculture,  and  the  two  closing  chapters  of  the  second  issue 
were  given  up  to  Hints  on  the  Decomposition  of  Rock,  with  an 
Inquiry  into  the  Probable  Effects  they  may  Produce  on  the  Nature 
and  Fertility  of  Soils.  The  kinds  of  soils  resulting  from  the  decom- 
position of  various  rocks  were  discussed  with  particular  attention  to 
their  physical  nature,  but  while  occasional  references  were  made  to 
their  content  of  lime,  the  alkalies,  and  other  constituents,  no  chemical 
analj^ses  were  given,  nor  was  their  desirability  apparently  appreciated. 

It  does  not  seem  to  have  been  realized,  however,  that  throughout 
the  entire  glaciated  area  as  now  known  there  may  be  little  connection 
between  the  soils  and  the  rocks  immediately  underlying  them. 

During  1818,  as  already  noted,  there  was  founded  the  American 
Journal  of  Science,  or,  as  it  was  familiarly  called,  Silliman's  Jour- 
nal, the  first  volume  bearing  on  the  title-page  the  date  1819.  It  is 
notable  as  being  the  first  American  journal  to  be  given 
joarnaiofsdence,  up  largely  to  geological  subject^,  although  other  sci- 
ences were  by  no  means  debarred.  In  fact,  as  noted 
in  his  plan  of  the  work,  the  Journal  was  intended  to  embrace  the  circle 
of  the  physical  sciences  and  their  application  to  the  arts  and  to  every 
useful  purpose. 

From  its  earliest  inception  geological  notes  and  papers  occupied  a 
prominent  place  in  its  pages,  and  a  perusal  of  the  numbers  from  the 
date  of  issue  down  to  the  present  time  will,  alone,  afford  a  fair  idea  of 
the  gradual  progress  of  American  geology.  I  shall  note  in  the  follow- 
ing pages  many  articles  taken  from  the  Journal,  particularly  the 
earlier  numbers,  as  serving  best  to  illustrate  the  condition  of  the 
science  at  the  time  of  their  issue. 

Among  the  earliest  publications  on  the  geology  and  mineralogy  of 
New  England  mention  must  be  made  of  J.  F.  and  S.  L.  Dana's  Out- 
lines of  the  Mineralogy  and  Geology  of  Boston  and  Vicinity,  which 
bears  the  date  of  1H18,  and  which  is  further  noteworthy 

Dsiia's  Qeoloffy  and     ^  ,       .      i  <.     i  .     i-      ^     i 

Mineraioffyof  for  contaiumg  a  geological  map  of  the  area  indicated, 

being  antedated  only  a  yeiir  by  Edward  Hitchcock's 

geological  map  of  a  part  of  Massachusetts  on  the  Connecticut  River 
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and  the  variou.s  reprints  of  Maclure\s.  The  cla88ification  adopted  was 
that  of  Werner,  and  hence,  of  course,  purely  lithological.  The  various 
rocks  enuinei-ated  and  colored  on  the  map  were:  I.  The  Primitive, 
including  granite,  argillite,  primitive  trap,  porphyry,  and  syenite;  II. 
Transition,  including  amygdaloid  and  graywacke;  and  III.  Alluvial, 
including  sand,  pebbles,  clay,  and  peat.  No  granite  was,  however, 
recorded  as  in  place,  the  granite  of  Quincy  and  the  areas  west  of  noith 
of  Marblehead  being  colored  as  syenite.  The  argillite  was  regarded 
as  the  oldest  rock  occurring  in  the  vicinity,  and  was  represented  as 
forming  gently  undulating  eminences  in  Charlestown,  Watertown, 
Chelsea,  and  Quincy.  Greenstone,  or  primitive  trap,  was  represented 
as  occupying  all  of  the  Marblebead-Salem  areas  and  large  areas  to  the 
west,  including  Stoneham  and  Lexington.  Porphyry,  "a  compound 
rock  having  a  compact  basis,  in  which  are  embedded  crystals  or  grains 
of  other  minerals  of  contemporaneous  formation,"  and  which  passes 
into  both  syenite  and  petrosilex,  they  found 
in  Maiden,  Lynn,  and  Chelsea,  while  the 
large  area  beginning  at  the  shore  east  and 
north  of  Lynn  and  extending  southwest- 
ward  as  far  as  Maiden,  was  colored  as  yetro- 
silex,  A  wide  strip,  extending  from  just 
west  of  the  Charles  River  to  the  coast,  in- 
cluding Brookline,  Roxbury,  and  Dorches- 
ter, was  colored  as  graywacke^  this  being,  of 
course,  the  conglomerate  of  later  writers. 
On  the  northern  and  western  edges  of  this 
are  narrow  belts  colored  as  amygdaloid^  the 
same  being  the  rock  later  shown  by  Benton 
to  be  melaphy r,  or  ancient  basaltic  lava  flow.        y,^  2.-samuei  Luther  Dana. 

The  minerals  as  described  were  divided 
into  Class  I.  Earthy  fossils;  Class  II.  Saline  fossils;  Class  III. 
Inflammable  substances;  and  Class  IV.  Metallick  fossils.  Under 
Class  I  were  included  the  phosphates  and  carbonates  of  lime,  quartz, 
such  silicates  as  mica,  shorl,  feldspar,  garnet,  epidote,  the  amphi- 
boles,  etc.,  and  such  compound  substances  as  petrosilex,  basalt, 
wacke,  schaalstone,  argillaceous  slate,  and  clay.  The  second  class, 
Saline  Fossils,  included  but  a  single  species,  sulphate  of  iron.  Class 
III  included  hydrogen  gas  and  peat,  and  Class  IV  sulphides  and 
chlorides  of  copper,  sulphide,  oxide,  and  carbonate  of  iron,  sulphide 
of  lead,  and  oxide  of  manganese.  The  classes  were  subdivided  into 
orders  and  the  orders  into  genera,  species,  subspecies,  and  varieties. 
Thus  novaculite  was  considered  a  subspecies  of  argillaceous  slate,  a 
species  under  Order  II,  Nonacidiferous  substances  of  Class  I,  Earthy 
fossils.  Altogether  some  21  species  of  Earthy  fossils  were  recog- 
nized, 1  of  Saline  fossils,  2  of  Inflammable  substances,  and  8  of 
Metallick  fossils.    These  were  all  described  in  detail,  th^i--ph^^ejd^ 
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cliara(;ter«  and  eondurt  before  the  blowpipe,  and  their  place  of  occur- 
rence. Perhaps  no  better  means  of  showinj^  the  condition  of  the 
science  at  that  time  can  be  found  than  by  reproducing  here  a  page  of 
the  original  descriptive  matter  under  Class  1,  Order  II. 

Species  VII — Wacke. 

Waeke,  (leavelaiid,  p.  287.  Wacce,  Jamesmi,  vol.  1,  p.  376.  Waeken,  Kiriri7i, 
vol.  1,  p.  223.     Wakke,  Aikln,  p.  254. 

External  chara^iers. 

Its  colours  are  grey  and  purple.  Of  grey,  it  occurs  blackish  grey  and  greenish 
grey;  of  purple,  lavender  purple.     The  colours  vary  much  in  their  intensity. 

It  is  dull. 

It  is  amorphous  and  cellular. 

It  exhales  a  strong  argillaceous  odour  when  breathed  upon. 

It  adheres  to  the  tongue. 

Its  streak  is  greyish  white,  with  a  reddish  purple  tinge  in  some  parts,  and  is  dull. 

It  is  moderately  hard,  passing  to  soft. 

The  fracture  is  from  fine  grained  uneven  to  earthy;  some  specimens  show  a  slightly 
slaty  structure. 

It  is  brittle. 

It  is  easily  frangible. 

The  fragments  are  indeterminately  angular  and  not  particularly  sharp  edged. 

Its  specifick  gravity  is  al)out  2.88. 

Chymical  characters. 

Before  the  blowpipe  it  melts  into  an  opaque,  semi-vitreous  mass  which  appears 
porous  when  broken. 

Geological  situation  and  localities. 

It  occurs  in  beds  in  Petrosilex  at  Milton,  and  forms  the  l)asis  of  Amygdaloid  at 
Brighton,  Hingham,  Newton,  &c.,  and  it  is  found  also  in  rounded  fragments  at 
Needham,  Newton,  Brighton,  &c. 

Hemarks. 

This  mineral  sometimes  much  resembles  ferruginous  clay,  and  is  intermediate 
V)etween  Clay  and  Basalt.  It  is  very  liable  to  decomposition,  and  when  it  fonns  the 
basis  of  Amygdaloid,  by  undergoing  tliis  change,  it  leaves  the  imbedded  minerals 
projecting,  or  they  fall  out  and  leave  the  Wacke  cellular.  « 

In  1818  there  was  published  by  Kirk  and  Mercein  in  New  York 
Robert  Jameson's  translation  of  Cuvier's  celebrated  essay  on  the 
Theory  of  the  Earth,  and  with  it  S.  L.  MitchilPs  Observations  on  the 
GeolofiTV  of  North  America.*  It  is  the  Observations 
Qeojoyy  of  North  alonc  that  need  now  receive  our  attention,  and  this 
with  particular  reference  only  to  what  is  said  regard- 
ing the  origin  of  the  drift.     Mitchill  was  one  of  the  most  prominent 

«This  work  was  the  subjei^t  of  a  scathing  review  in  the  Analectic  Magazine,  XIII, 
1819,  where  the  writers  were  accused  of  having  borrowed  at  least  three-fourths  of 
their  material  ''for  the  mere  purpose  of  eking  out  the  matter  to  the  proper  size  of  a 
justum  volnmeii — of  borrowing  the  most  elementary  ideasof  the  most  common  authors." 
*  *  *  *'A  student  who  has  read  either  Cleaveland,  Jameson,  or  Aikin,  will  find  not 
a  sentence  that  is  new  in  at  least  nine-tenths  of  the  book;  which  is  in  fact  a  disgrace- 
ful example  of  literary  lKK)k-making,  as  it  respects  both  the  matter  and  the  manner." 

''Tlu^re  was  manifested,  particularly  by  the  publishing  hc>u^»e»^^Philadelphia,  an 
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scieiitilic  men  of  his  day,  had  road  and  traveled  extensively,  and  it  may 
l)e  safe  to  assume  that  the  views  held  by  him  were  supposed  to  rest 
upon  a  good  foundation,  thouj^h  they  were  not  wholl}'  accepted,  as  is 
mentioned  later. 

It  was  MitehilFs  idea  that  the  Great  Lakes  were  the  shrunken  rep- 
resentatives of  great  internal  seas  of  salt  water,  which  ultimately 
broke  through  their  barriers,  the  saline  lakes  becoming  gradually 
freshened  by  a  constant  influx  of  fresh  water.  The  remains  of  the 
barriers  which  held  back  for  a  time  this  inland  sea  he  thought  to  be 
still  evident.  One  of  them,  he  wrote,  seemed  to  have  circumscribed 
to  a  certain  degree  the  waters  of  the  original  Lake  Ontario  and  to  l)e 
still  traceable  as  a  mountainous  ridge  be- 
yond the  St.  Lawrence  in  upper  Canada, 
northeast  of  Kingston,  passing  thence  into 
New  York,  where  it  formed  the  divide 
l)etween  the  present  lake  and  the  St.  Law- 
rence, and,  continuing  to  the  north  end  of 
Lake  George,  apparently  crossed  the  Hud- 
son above  Hadley  Falls.  Thence  he  be- 
lieved it  to  run  toward  the  eastern  sources 
of  the  Susquehanna,  along  the  Cookwago 
and  Papachton  branches  of  the  Delaware, 
crossing  the  last  named  a  little  north  of 
Kaston  (Delaware  Watergap),  the  Lehigh 
north  of  Heidelburg  (Lehigh  Gap),  and  the 
Schuylkill  northwest  of  Hamburg  in  Penn- 
sylvania. Continuing  thence  along  to  the  north  of  Harrisburg. 
across  the  Susquehanna,  in  a  southwesterly  direction  until  it  entered 
Maryland,  and  passed  the  Potomac  at  Harpers  Ferry  into  Virginia, 
where  it  became  confounded  with  the  Allegheny  Moimtains.  Thence 
gradually  disappearing,  traces  of  it  appeared  to  the  westward,  as  at 
Cumberland  (Tap  in  Tennessee  and  the  mountains  west  of  Cape 
Girardeau  l>eyond  the  Mississippi. 

It  is  evident  that  for  a  good  part  of  its  course,  as  traced,  this  barrier 
was  but  the  Blue  Ridge,  while  in  eastern  New  York  it  was  comprised 
mainly  of  the  Catskills  and  Adirondacks. 

To  appreciate  MitchilFs  view,  then,  we  have  to  imagine  this  now 
broken  and  gapped  ridge  as  continuous  throughout  its  whole  extent, 
forming  a  vast  dam  holding  back  the  waters  of  several  salt  inland  seas 

early  tendency  to  reprint  many  of  the  English  works  on  geology  and  mineralogy. 
This  finds  its  uioHt  important  illustration,  from  the  present  standpoint,  in  the  reprint- 
ing of  Frederick  Accumn's  A  Practical  P^say  on  the  Analysis  of  Minerals  (Philadel- 
phia, 1809);  Cuvier's  Essay,  as  note<l  alK)ve;  Bakewell's  An  Intro<luction  to  (ieolog>' 
(New  Haven,  1829);  Cuvier's  A  Discourse  on  the  Evolution  of  the  Surface  of  the 
(ilobe  (Phila<lelphia,  1831);  and  De  la  Beche's  A  Geological  Manual  (Philadelphia, 

1832),  eta  •    C" r^r^n]o 
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U)  the  northward,  while  the  region  to  the  southward  was  dr\^  land.  A 
time  came,  however,  when  the  dams  at  various  points  proved  too  frail 
and  gave  way,  the  pent-up  waters  rushing  through  and  carrying 
devastation  with  them  like  the  waters  from  cloud-bursts  or  bursting 
reservoirs  of  to-day,  but  on  a  thousandfold  larger  scale. 

One  breach  was  conceived  to  have  been  at  the  northeastern  extremity 
of  Lake  Ontario.  The  Thousand  Isles,  to  Mitchill's  mind,  "  bear  wit- 
ness to  the  mighty  rush  of  waters  which  thus  prostrated  the  opposing 


Fig.  4.— Map  to  illustrate  Mitchill's  theory  of  harriers. 

mound  and  left  them  as  scattered  monuments  of  the  ruin."  "  By  this 
operation  the  water  must  have  subsided  about  160  feet,"  or  to  its 
present  level. 

All  the  country  on  both  the  Canadian  and  Fredonian  sides  must  have  been  draine<l 
and  left  bare  *  *  *  exposing  to  view  the  waterworn  pebbles,  the  works  of  marine 
animals,  their  solid  parts  buried  in  the  soil,  their  relicks  bedded  in  the  rocks,  and  the 
whole  exhibition  of  organic  remains  formed  in  the  bottom  of  such  a  sea  as  that  was. 

Great  masses  of  primitive  rocks  from  the  demolished  mound  or  dam  and  vast 
quantities  of  sand,  mud,  and  gravel  were  carrted  down  the  stream  to  form  the 
curious  mixture  of  primitive  with  alluvial  materials  in  regions  below. 
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A  second  breach  was  conceived  to  have  been  at  the  northern 
extremity  of  Lake  George,  whereby  the  lake  was  diminished  to  about 
it«  present  size.  A  third  was  at  Hadley  Falls;  a  fourth  at  the  upper 
falls  of  the  Mohawk;  a  fifth  was  made  by  the  pent-up  waters  of  the 
Delaware  above  Easton,  Pennsylvania;  a  sixth  by  the  Lehigh  to  the 
northwest  of  Bethlehem;  a  seventh  by  the  Schuylkill;  an  eighth  by  the 
Susquehanna,  and  a  ninth  by  the  Potomac  cutting  its  way  through  the 
Blue  Ridge  at  Harpers  Ferry.  A  second  series  of  lakes  and  dams  he 
conceived  as  having  existed  outside,  i.  e.,  to  the  southward  of  those 
above  mentioned.  To  the  bursting  of  these  he  attributed  many  of  the 
minor  features  of  the  present  landscape. 

The  work  contains  little  in  the  way  of  systematic  geology  aside 
from  the  speculations  above  mentioned,  though  there  are  disconnected 
references  to  and  descriptions  of  fossil  remains  and  rocks  found  in 
various  parts  of  the  country.  He,  however,  called  attention  to  the 
possibility  of  the  Great  Lakes  having  formerly  drained  into  the  Mis- 
sissippi, the  gradual  retreat  of  the  falls  of  Niagara,  and  the  formation 
of  the  gorge  through  the  undermining  of  the  harder  surface  limestone, 
fact«  which  seem  to  have  been  very  early  recognized. 

This  same  year  witnessed  the  first  appearance  in  geological  science 

of  Ekiward  Hitchcock,  then  a  young  theological  student  of  twenty-five, 

but  who  was  destined  to  be  one  of  the  most  prominent  figures  of  his 

time.    Hitchcock  came  first  into  notice  in  1815  through 

Edward  Hitchcock'*  ^ 

Pint  Oeoimricai  somc  astronomical  observations  and  corrections  fur- 
nished  Blunt's  Nautical  Almanac.  His  inclination, 
however,  early  took  a  geological  turn,  and  throughout  a  prolonged 
period  of  activity,  first  as  a  clergyman  and  later  as  professor,  presi- 
dent, and  again  professor  in  Amherst  College,  he  kept  himself  ever 
prominently  to  the  front. 

The  first  State  geological  survey  carried  to  completion,  that  of 
Massachusetts,  1830-1833,  was  primarily  his  conception  and  executed 
almost  wholly  through  his  efforts.  He  became,  however,  most  widely 
known  and  is  best  remembered  through  his  work  on  the  footprints 
found  in  the  Triassic  sandstones  of  the  Connecticut  Valle}'^  and  his 
studies  of  the  drift  phenomena,  in  both  of  which  he  was  a  pioneer. 
Indeed,  if  one  may  be  allowed  to  speak  facetiously  of  so  cultured  and 
dignified  a  gentleman,  he  was  America's  first  ^'superficial  geologist," 
and  a  perusal  of  his  papers  alone  will  give  a  very  fair  idea  of  the 
development  of  the  glacial  hypothesis  in  America. 

The  paper  to  which  allusion  is  made  above.  Some  Remarks  on  the 
Geology  and  Mineralogy  of  a  Section  of  Massachusetts  on  the  Con- 
necticut River,  with  a  Part  of  New  Hampshire  and  Vermont,  was 
published  in  the  first  volume,  1818,  of  the  American  Journal  of 
Science.  It  is  noteworthy  on  account  of  a  geological  map  of  the 
region,  colored  by  hand,  and  a  transverse  section  of  the  rock  strata 
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from  Hoosac  Mountain  to  11  miles  east  of  the  Connecticut  River. 
The  rocks  were  classed  as  primitive,  secondary,  and  alluvial,  the  older 
crystallines  and  the  argillites  being  considered  as  primitive,  while  the 
traps  and  sandstones  were  put  down  as  secondary. 

The  year  1818  was  rendered  notable  also  by  the  appearance  in  the 
geologiciil  arena  of  Amos  Elaton,  a  man  who,  like  Hitchcoc^k,  was 
destined  to  achieve  a  national  reputation,  but  whose  mental  character- 
istics were  as  unlike  Hitchcock's  as  was  possible 
Baton's  Index,  1818.  among  men  in  the  same  calling.  His  first  geological 
paper  occupied  three  pages  of  the  American  Journal 
of  Science  for  the  year  under  discussion.  His  first  noteworthy  publi- 
cation was  the  Index  to  the  Geology  of  the  Northern  States,  which 
appeared  in  the  form  of  a  text-book  for  the  geological  classes  at  Wil- 
liams College  that  same  year.  Eaton  is  described  as  a  man  of  great 
force,  untiring  energy,  and  was  one  of  the  most  interesting  men  of  his 
day.  In  1816,  at  the  age  of  forty,  he  abandoned  the  practice  of  law  and 
went  to  New  Haven  to  attend  Silliman's  lectures  on  mineralogy  and 
geology.  Subsequently  he  traveled  many  thousand  miles  on  foot, 
throughout  New  England  and  New  York,  delivering  in  the  principal 
towns  short  courses  of  lectures  on  natural  history.  In  March,  1817, 
having  received  an  invitation  to  aid  in  the  introduction  of  the  natural 
sciences  in  Williams  College,  his  alma  mater,  he  delivered  a  course  of 
lectures  in  Williamstown.  Such  was  the  zeal  at  this  institution,  he 
wrote,  that  ''an  uncontrollable  enthusiasm  for  natural  history  took 
possession  of  every  mind,  and  other  departments  of  learning  were  for 
a  time  crowded  out  of  the  college."  In  April,  1818,  on  invitation  of 
Governor  De  Witt  Clinton,  he  delivered  in  Albany,  before  the  mem- 
bers of  the  State  legislature,  a  course  of  lectures  on  natural  histor}'. 
Here  was  undoubtedly  the  beginning  of  the  work  which  resulted  in 
the  establishment  of  the  State  survey. 

In  the  ''Index"  mentioned  above  (which  has  been  pronounced  "the 
first  attempt  at  an  arrangement  of  the  geological  strata  of  North 
America")  the  views  expressed  were  naturally  largely  tinged  with 
Wernerism.  They  are  reviewed  in  detail  here,  even  when  almost 
exact  equivalents,  on  account  of  their  local  application. 

Eaton  divided  the  rocks  of  the  earth's  crust  into  five  classes:  First, 
Primitive;  second.  Transition;  third.  Secondary;  fourth.  Superin- 
cumbent; and,  fifth,  Alluvial;  the  body  of  the  work,  occupying  pages 
15  to  41,  inclusive,  being  given  up  to  their  description  and  geogi-aph- 
ical  distribution. 

Under  the  head  of  Primitive  rocks  he  included  granite,  granular 
limestone  and  quartz,  gneiss,  mica-slate,  soapstone  rocks,  calcareous 
and  granular  quartz,  and  syenite.  These  were  regarded  as  barren  of 
fossil  remains  and  the  oldest  rocks  to  which  human  research  had 
extended. 
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Amos  Eaton. 

Professor  of  Natural  Science,  Rensselaer  I'olytechnic  Institute. 
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The  Tmnsition  clasH  included  metal  life  fdus  liinestone,  argillaceous 
and  siliceous  slate,  gray  vvacke  slate,  and  ruby)lestone. 

The  Secondary  class  included  red  sandstone,  breccia,  compact  lime- 
stone, gypsum,  and  rocksalt;  ^ 
the  Superincumbent  class,  ba-      ?.  -^  ^  ^^  k>  j-  % 
salt,    greenstone,    trap,  and 
amygdaloid,  and  the  Alluvial 
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class,  gravel,  sand,  clay,  and 
loam. 

Illustrative  of  his  ideas 
concerning  the    position    of      §  ®      • 

these     rocks,     a     geological      »  a 

transverse  section  was  given,     |  |     ! 

extending  from  Boston  on  the      g  S     i 

east  to  the  Catskill  Moun- 
tains on  the  west.  From  a 
perusal  of  this  section  and 
the  accompanying  text  many 
interesting  and,  to  us,  strik-  K  fii  ©  •  »  ;.i 
ing  conclusions  are  drawn. 
For  instance,  in  discussing 
the  position  of  the  gneiss  of 
the  Primitive  series  as  it  oc- 
cui-s  between  Dal  ton  and 
Pittsfield,  Vermont,  he  wrote: 
*•*  It  sinks  laterally  under  the 
mica-slate  to  the  west,  and 
probably  does  not  rise  again 
until  it  reaches  the  continent 
of  Asia."  Thesoapstonesand 
serpentines,  now  known  to  be 
altered  eruptive  rock,  were 
regarded  by  him  as  forming 
one  of  the  concentric  coats  of 
mechanically  deposited  mate- 
rials, and,  as  with  syenite  and 
granite,  their  possible  erup- 
tive origin  not  dreamed  of. 

In  his  Transition  class  he 
would  include  the  marbles  of 
western  Vermont,  now  con- 
sidered to  be  of  Lower  Silur- 
ian and  Cambrian  age,  and 
the  rooting  slates. 

In  the  Secondary  class  he 
included  the  red  sandstones  of  the  Catskills  (Devonian),  as  well  as 
those  of  the  Connecticut  River  (Triassic).  Discussing  the  position 
of  the  Catskill  stone,   he  wrote:  ^^Bakewell  removed  thi^^-st^rat^gjn^ 
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from  the  Secondary  class  (where  Werner  placed  it)  to  the  Transition. 
He  says  this  stratum  terminates  the  series  of  transition  rocks  con- 
taining metallic  veins  and  the  more  ancient  organic  relics.  Had 
Bake  well  ever  visited  Catskill  Mountain  he  would  undoubtedly  have 
left  the  red  sandstone  where  Werner  placed  it;  for  here  the  true  old 
red  sandstone  of  Werner  contains  the  organized  remains  of  at  least 
one  well-known  phenogamous  woody  plant.  "^  He  also  stated  that 
this  sandstone  contained  the  petrified  remains  of  the  roots  of  the 
Kahnia  lutifolia^  or  common  laurel!  The  gypsum  and  rocksalt  beds 
of  New  York  and  Pennsylvania,  now  regarded  as  of  Salina  age,  he 
included  in  this  Secondary  class,  and  also  the  common  compact  lime- 
stone occurring  in  the  western  part  of  New  York  State,  but  not  found 
east  of  the  Hudson  River. 

In  the  Superincumbent  class  were  included,  as  already  stated,  green- 
stone trap,  amygdaloid,  and  basalt,  which  he  regarded  as  varieties  of 
one  and  the  same  rock.  This  assumption  on  his  part  is  interesting  in 
connection  with  the  discussion  of  the  last  twenty  years  (since  the 
introduction  of  the  microscope  into  geology)  regarding  the  now  well- 
established  relationship  existing  between  basalt,  melaphyr,  and  dia- 
base. While  these  rocks  were  considered  by  him  as  volcanic,  their 
exact  source  seemed  problematic.  ''  On  the  Deerfield  River  the  green- 
stone sinks  down  in  a  fissure  in  the  red  sandstone.  *  *  *  Bakewell 
would  say  here  were  volcanoes  and  here  the  melted  greenstone  was 
thrown  up  through  the  sandstone.'- 

In  discussing  his  Alluvial  class,  he  wrote: 

It  18  agreed  by  all  geologists  that  all  soils,  excepting  what  proceeds  from  decom- 
posed animal  and  vegetable  matter,  are  composed  of  the  broken  fragments  of  disin- 
tegrated rocks.  From  this  fact  it  is  natural  to  infer  that  the  soil  of  any  district 
might  be  known  by  the  rocks  out  of  which  it  is  formed;  consequently,  that  rocks 
abounding  in  quartz  would  produce  a  sandy  soil  and  those  abounding  in  argillaceous 
slate  a  clay  soil,  etc.  *  *  *  This  inference  is  certainly  correct,  but  there  is  great 
difficulty  in  determining  what  rocks  may  have  extended  over  any  particular  district 
and  been  entirely  dissolved  in  former  ages.  Is  there  not  good  reason  to  believe  that 
most  of  the  strata  now  constituting  Cal  skill  Mountain  *  *  *  once  extended  over 
Massachusetts  to  the  Atlantic  Ocean? 

That  these  strata  once  extended  as  far  as  Massachusetts  and  united 
to  the  same  strata  at  Pittstield  and  Stockbridge  he  regarded  as  beyond 
question,  and  he  concluded  that  a  mass  of  rock  from  1,000  to  3,000 
feet  in  thickness,  from  20  to  30  miles  in  breadth,  and  perhaps  80  miles 
in  length,  had  been  dissolved  and  mostly  washed  down  the  Hudson 
River.  Fmgments  of  every  stratum  he  thought  were  still  to  be  found 
in  small  masses  throughout  the  towns  in  the  vicinity.     The  possibility 

« Concerning  this  Hall  remarks  (Geology  of  Fourth  District,  p.  6):  "It  is  a 
remarkable  fact  that  at  this  early  period  Mr.  Eaton  should  have  recognized  the  sand- 
stone of  the  Catskill  Mountains  as  the  Old  Red  of  Europe,  which,  now  that  we  have 
identilied  its  characteristic  fossils,  is  proved  to  be  true." 
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of  glacial  drift  was  of  course  at  that  time  wholly  unrealized,  and  he 
accounted  for  the  masses  of  granite  and  syenite,  weighing  from  1  to 
50  tons,  which  are  scattered  throughout  the  Connecticut  River  region, 
as  residuary  fragments  from  atmospheric  decomposition. 

What  force  can  have  brought  these  masses  from  the  western  hills  across  a  deep 
valley  700  feet  lower  than  their  present  situation?  Are  we  not  compelled  to  say  that 
this  valley  was  once  filled  up  so  as  to  make  a  gradual  descent  from  the  Chesterfield 
range  ol  granite,  sienite,  etc.,  to  the  top  of  Mount  Tom?  Then  it  would  be  easy  to 
conceive  of  their  being  rolled  down  to  the  top  of  the  greenstone,  where  we  now  find 
them. 

In  this  year  Eaton  published  also  his  Conjectures  Respecting  the 
Formation  of  the  Earth.  In  this,  largely  following  Werner,  he 
taught  that  the  water  now  covering  three-fourths  of  the  earth's  exterior 
was  at  one  time  thoroughly  commingled  with  the  solid  materials  con- 
stituting the  globe  in  such  a  manner  as  to  form  a  very  thick  paste. 
Such  being  the  primary  condition,  the  heaviest  materials  contained  in 
this  globular  mass  of  mortar  would  soon  begin  slowly  to  settle  together, 
the  heaviest  naturally  at  the  center.  Further,  that  such  settling  took 
place  in  inverse  order  of  the  specific  gravities  of  particles,  forming 
thus  several  concentric  layers?  of  metals,  arranged  like  the  coats  of  an 
onion.  This  settling  went  on  until  finally  granite  was  deposited,  several 
thousand  years  being  regarded  as  necessary  for  the  completion  of  all 
the  strata.  Previous  to  the  deposition  of  granite,  gneiss,  mica-slate, 
and  other  primitive  rocks,  neither  animals  nor  vegetables  were  con- 
ceived to  exist,  for  no  traces  of  them  have  been  discovered  in  the  rocks 
of  these  types. 

As  condensation  went  on,  the  water  being  disengaged  from  the  inner 
deposits  and  forced  gradually  toward  the  exterior  of  the  mass,  the 
earth  paste  became  more  diluted,  and  a  few  zoophytes,  shell  animals, 
and  cryptogamous  plants  were  created,  as  was  shown  by  the  finding 
of  their  remains  in  the  transition  rocks  overlying  the  primitive. 

The  continued  dilution  of  the  water  by  the  deposition  of  the  mate- 
rials of  the  ti-ansition  series  was  followed  by  the  creation  of  several 
species  of  fish,  and  as  the  solution  was  thinner  the  deposits  of  the 
secondary  rocks  went  on  with  considerable  rapidity.  During  this 
time  the  red  sandstone,  compact  limestone,  and  indurated  marl  were 
deposited,  entombing  incidentally  individuals  of  the  various  plants 
and  animals  enumerated. 

While  this  secondary  formation  was  going  on  the  internal  heat  of  the  earth  imme- 
diately beneath  the  granite,  by  converting  the  water  which  remained  in  the  subter- 
ranean interstices  into  steam,  began  to  raise  up  the  rocks  of  granite.  The  expansion 
of  this  steam  foand  relief  by  forcing  its  way  wherever  the  least  resistance  was  pre- 
sented, and  as  strata  can  be  separated  from  each  other  easier  than  they  can  be  broken 
throogh,  the  steam  probably  traveletl  laterally  round  the  earth,  Heparating  the  gran- 
ite from  the  next  stratum  l)eli)w.  At  length  the  force  of  the  more  highly  rarefie<l 
Hteam  became  too  great  to  l)e  any  longer  confined  within  the  coat  of  granite.  It 
burst  through  at  the  weakest  part  and  shot  forth  its  craggy  broken  etlges  above  th^ 
muddy  waters  which  surrounded  it.  L^yiu^tsu  uy  ^^^^^.^ 
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Concerning  the  source  of  this  heat,  ''whether  it  arose  from  the 
admixture  and  combustion  of  substances  then  abounding  beneath  the 
granite,"  or  whether  *'it  was  excited  by  the  concentric  layers  of 
metallic  plates  serving  as  a  vast  galvanic  battery,"  I5aton  was  non- 
committal. 

The  projecting  edges  of  granite,  together  with  the  uplifted  strata  of  transition  and 
secondary  rocks,  formed  the  first  islands  and  continents  of  dry  land.  Alluvial 
deiKwits  had  already  commenced  under  water,  and  therefore  parts  of  the  raised 
islands  and  continents  were  prepared  for  the  reception  and  support  of  plants  and 
animals  of  the  more  perfectly  organized  structure. 

These,  however,  were  not  the  continents  of  the  -present  day,  which 
were  conceived  then  to  be  at  the  bottom  of  the  primeval  ocean,  but 
were  rather  the  continents  occupied  by  antediluvians,  and  which  are 
now  in  their  turn  probably  at  the  bottom  of  the  Indian  Ocean.  This 
land,  he  argued 

may  have  l)een  supporte<l  by  the  meeting  place  of  two  vast  seguients  of  upliftetl 
granite  which  containe<l  beneath  them  an  immense  subterranean  sea.  Our  pres- 
ent continent  may  now  be  supported  in  the  same  way  and  the  meeting  of  the  edges 
of  segments  form  the  granitic  ndge  which  extends  from  Georgia  to  the  Frigid  Zone — 
that  is  to  say,  that  which  forms  the  Appalachian  Mountain  system. 

In  whatever  manner  the  ant'ient  world  was  8upjx)rted,  it  is  evident  that  when  the 
wickedness  of  man  drew  down  the  vengeance  of  the  Almighty,  its  foundations  gave 
way  and  it  sank  to  the  bottom  of  the  ocean  never  to  l)e  again  uplifted. 

Incidental  to  this  catastrophe,  he  conceived  there  may  have  been 
formed  a  "'vacuum  wherein  much  water  might  subside;''  or  possibly 
seveml  continents  falling  in  contemporaneously,  basins  were  formed — 

sufficient  to  hold  all  the  waters  which  had  hitherto  covered  the  continents  of  our 
day;  or,  perhaj)s,  the  pressure  at  the  outer  margins  of  the  falling  continents  might 
force  up  the  granite,  which  raised  our  continents  out  of  the  ocean.  *  *  *  At  any 
rate,  the  fountains  of  the  great  deep  were  broken  up,  and  our  continents,  then  at  the 
bottom  of  the  great  deep,  emerged  into  open  day.  While  this  tremendous  crash  of 
nature  was  going  on,  scales  of  various  thicknesses  from  the  various  strata  were  shot 
up,  detached  and  bn)ken,  which  gave  formation  to  our  surrounding  hills,  the  ragged 
cliffs  of  the  Catskill  and  the  bleak  brow  of  the  Andes.  Some  were  forme<l  at  the 
bottom  of  the  sea  by  volcanic  fires;  others  have  arisen  from  various  ttauses  since  the 
great  deep  retired. 

This  order  of  creation  he  conceived  to  be  directly  in  accord  with  the 
account  of  Moses  and  the  sinking  of  the  ancient  continent  contempora- 
neous with  the  Noachian  deluge. 

When  the  fountains  of  the  great  deep  were  broken  up  and  the  bottoms  of  tht»je 
fountains  became  dry  land,  the  ancient  world  l>ecanie  itself  the  l)ott<>m  of  the  great 
deep  in  its  turn. 

During  this  period  all  surviving  animal  life,  l)oth  human  and  other- 
wise, was  conceived  as  confined  within  the  limits  of  Noah's  ark,  about 
one  year  elapsing  from  the  time  the  sinking  took  place  and  the  ark  was 
floated  l>efore  the  n(*w  earth  was  sufhciently  dry  for  the  occupants  to 
disembark.  r^^^^T^ 
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These  eonjectures,  it  will  be  observed,  are  not  quite  those  of  Werner, 
since  the  original  paste  constituting  the  globe  must,  according  to  Eaton, 
have  been  rather  a  mechanical  admixture  than  a  chemical  solution. 
While  the  early  stages  of  precipitation,  whereby  the  heaviest  mate- 
rials were  deposited  in  the  form  of  concentric  layers  of  metals,  might 
be  suggestive  of  a  condition  of  solution  or  aqueo-igneous  fusion,  the 
subsequent  deposition  of  the  secondary  rocks,  which  are  so  plainly 
fragmental,  leaves  us  to  conclude  that  he  regarded  the  primary  condi- 
tion as  that  of  a  mechanical  mixture  or  emulsion. 

E^ton  in  his  index  deviated  somewhat  from  Werner's  classification 
also  in  that  he  placed  the  argillaceous  slates  in  the  transition  rather 
than  in  the  primitive  class. ^ 

The  year  1819  was  signalized  by  the  organization,  in  the  philosoph- 
ical room  of  Yale  College,  of  the  American  Geological  Society,  the 
first  American  society  devoted  mainly  to  geological  and  allied  subjects. 
Though  this  continued  in  existence  only  until  the  end 
AiM^oQ|Mioffic«i  ^f  2^28,  it  was  productive  of  much  good  in  stimulating 
workei's  throughout  the  country.  Maclure  was  elected 
president,  with  Colonel  Gibbs,  Professor  Silliman,  Professor  Cleave- 
land,  Stephen  Elliott,  R.  Gilmor,  S.  Brown,  and  Robert  Hare,  vice- 
presidents.  Among  the  more  prominent  members  were  Akerly, 
Bruce,  Cornelius,  S.  L.  and  J.  F.  Dana,  Dewey,  Eaton,  Godon, 
Hitchcock,  Mitchill,  Rafinesque,  Schoolcraft,  and  Steinhauer,  while 
the  names  of  Enmions,  Harlan,  Lea,  Morton,  Troost,  and  Vanuxem 
appear  among  the  younger  and  then  less  prominent  workers. 

The  society  published  nothing  and  has  left  little  that  is  tangible  to 
tell  of  its  existence,  though  Eaton,  in  the  second  edition  of  his  Index 
to  the  Geology  of  the  Northern  States,  makes  the  following  interesting 
comment  concerning  its  personnel: 

The  president  of  the  American  Geological  Society,  AVilliam  M'Clure,  esq.,  has 
already  struck  oat  the  grand  outline  of  North  American  geographical  geology.  The 
first  vice-president,  Col.  G.  Gibbs,  has  collected  more  facts  and  amassed  more  geolog- 
ical and  mineralogical  specimens  than  any  other  individual  of  the  age.  The  second 
vice-president.  Professor  Silliman,  his  learned  and  indefatigable  colleague  in  these 
labors,  gives  the  true  scientific  dress  to  all  the  naked  mineralogical  subjects,  which 
are  furnished  to  his  hand.  The  third  vice-president.  Professor  Cleaveland,  is  suc- 
cessfully employed  in  elucidating  and  familiarizing  those  interesting  sciences;  and 
thus  smoothing  the  rugged  paths  of  the  student  Professor  Mitchill  has  amassed  a 
large  store  of  materials,  and  annexed  them  to  the  labors  of  Cuvier  and  Jameson. 
But  the  drudgery  of  climbing  cliffs  and  descending  into  fissures  and  caverns  and  of 
traversing  in  all  directions  our  most  rugged  mountainous  districts  to  ascertain  tlie 
ilistinctive  characters,  number,  and  order  of  our  strata  has  devolved  on  me.  1  make 
no  pretensions  to  any  peculiar  qualifications  other  than  that  Ixniily  health  and  con- 
stitutional fitness  for  labor  and  fatigue  which  nuch  an  employment  requires. 

« Silliman  in  his  review  of  the  work  (American  Journal  of  Science,  I,  1819,  p. 
70)  called  attention  to  the  fact  that  the  clay  slate  may  !>elong  either  to  jirimitive, 
transition,  or  secondary  fonnations.  He  also  (questioned  if  the  West  Stockbridge 
marble  should  not  be  regarded  as  primitive  rather  than  metalliferous. uy  ^-^^^^^C 
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Schoolcraft's 
Exoloratlons, 
1818-19. 


During  the  years  1818  and  1819  Henry  R.  Schoolcraft  made  a  trip 
throughout  what  is  now  known  as  the  lead  region  of  the  Mississippi 
Valley,  and  in  November  of  the  last-named  year  published,  in  the 
form  of  an  octav^o  volume  of  some '300  pages,  a  book 
entitled  A  View  of  the  Lead  Mines  of  Missouri; 
Including  Some  Observations  on  the  Mineralogy, 
Geology,  Geography,  Antiquities,  Soil,  Climate,  Population,  and  Pro- 
ductions of  Missouri  and  Arkansas  and  Other  Sections  of  the  Western 
Country.  The  work  contained  little  of  geological  importance,  the 
purport  of  the  trip  being  mainly  to  study  the  lead  deposits  of  the 
region.  He  described  the  whole  mineral  country  as  "bottomed"  on 
primitive  limestone,  though  he  found  quartz  rock  and  later  sand  rock 
very  common  in  the  southern  section  of  the  Arkansas  country.  Sec- 
ondary limestone  was  also  met  with,  but  was  far  less  common  than  in 

Ohio,  Indiana,  Connecticut,  and  Illinois, 
the  ore  itself  being  found  in  the  decompo- 
sition products  from  the  primitive  lime- 
stone. He  mentioned  the  occurrence  of 
granite  in  Washington  and  Madison  coun- 
ties, also  greenstone  porphyry  and  iron 
ore,  and  correctly  described  the  granite  as 
being  the  only  mass  of  its  kind  known  to 
exist  between  the  primitive  ranges  of  the 
Allegheny  and  Rocky  mountains,  being  sur- 
rounded on  all  sides  and  to  an  almost 
immeasumble  extent  with  secondary  lime- 
stone. He  gave  also  a  descriptive  catalogue 
of  the  minemls  found  in  the  State.  Among 
them  mention  was  made  of  the  flint  from 
Girardeau  County;  several  varieties  of  quartz,  including  the  Arkansas 
novaculite;  a  red  pipestone  from  the  Falls  of  St.  Anthony,  which  is 
evidently  the  catlinite  of  more  recent  writers,  but  which  he  called  stea- 
tite; and  other  minerals,  including  baryte,  fluorite,  blende,  antimony, 
native  copper,  etc.  He  described  briefly  the  micaceous  iron  ore  of 
Iron  Mountain,  the  coal  found  near  Pittsburg,  Pennsylvania,  and  other 
minerals  which  need  not  be  mentioned  in  detail. 

Schoolcraft  was  one  of  those  all-round  naturalists  and  investigators 
such  as  could  exist  only  in  the  early  days  of  science,  when  it  was  pos- 
sible for  one  mind  to  embrace  or  include  all  knowledge,  keep  track  of 
its  development,  and  at  the  same  time  aid  in  its  advancement.  A  man 
apparently  of  more  than  ordinary  vigor,  daring,  and  perseverence,  he 
early  became  interested  in  the  work  of  exploration,  his  field  l>eing, 
however,  limited  mainly  to  the  Mississippi  Valley  and  the  region  of 
the  Great  Lakes.  His  geological  work  was  purely  of  the  reconnais- 
sance type,  but  was  of  the  greatest  value  in  the  then  existing  condi- 
tion of  knowledge  regarding  the  regions  visited,  the  lead  regions  of  the 


Fig.  6.— Henry  Rowe  Schoolcraft. 
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Mississippi  Valley  and  the  copper  regions  of  Lake  Superior  both  prof- 
iting by  his  labors. 

Being  brought  in   contact  with    the   aborigines  and  realizing  the 
rapidity  with  which  they  were  becoming  contaminated  through  con- 


ta<'t  with  the  whites,  he  was  drawn  into  a  study  of  the  Indian  tribes 
of  North  Americii,  to  which  work,  after  1822,  he  gave  up  a  large  })or- 
tion  of  his  time.  The  main  work  of  his  life  lies,  therefore,  quite 
outside  the  limits  of  the  present  paper.  -yui^t^u uy  ^^^OglC 
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In  1820  Schoolcraft,  acting  under  direction  of  Governor  Lewis  Cass, 
of  Michigan,  who  was  himself  acting  under  authority  of  the  then  Sec- 
retary of  War,  made  a  trip  along  the  Great  Lakes  and  to  the  sources 


of  the  Mississipppi,  the  results  of  which,  with  genomi  notes  on  the 
natural  history  of  the  region,  were  published  the  year  following. 
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In  1821  he  was  a  member  of  a  second  expedition  authorized  by  the 
General  Government  to  explore  the  central  portions  of  the  Mississippi 
Valley,  the  results  of  which  were  published  in  1825.  In  1822  he  also 
reported  to  the  General  Government  on  the  extent  and  value  of  the 
mineral  lands  on  Lake  Superior,  and  again  in  1832  "resumed  and 
completed"  his  explorations  of  the  sources  of  the  Mississippi,  his 
results  appearing  in  book  form  in  1855. 

The  expedition  of  1820  (See  map,  fig.  7)  started  at  Detroit  and  maae 
its  way  northward  along  the  western  shores  of  lakes  St.  Clair  and 
Huron  to  the  Straits  of  Michilimackinac,  thence  northward  through 
St.  Marys  River- and  along  the  south  shore  of  Lake  Superior  to  Fond 
du  Lac,  up  the  St.  Louis  River,  and  down  the  Savannah  to  Sandy 
Lake  and  lakes  Winnipeg  and  Cassina  farther  north.  The  return  trip 
was  made  down  the  Mississippi  to  the  lead  region  near  Dubuque,  Iowa, 
and  thence  northeasterly  up  the  Wisconsin  River  to  Green  Bay,  where 


Fig.  9.— Schoolcraft's  Section  of  Presque  Lsle. 

the  party  divided,  a  portion  going  to  Michilimackinac  (now  Mackinac), 
along  the  northern  and  eastern  shores,  and  the  rest  keeping  to  the 
south,  to  Chicago,  and  eastward  and  north  till  the  starting  point  was 
reached  once  more,  one  section  of  the  party,  with  Governor  Cass,  leav- 
ing the  lake  near  the  southeastern  end  (at  the  mouth  of  the  River  (}u 
Schmein)  and  going  overland  to  Detroit. 

The  narrative  of  the  expedition  of  1820  abounds  with  mineralogical 
and  geological  notes,  which  are  in  large  part,  however,  of  a  supposed 
economic  nature.  The  occurrence  of  gypsum  at  St.  Martins  Island 
was  noted,  the  island  of  Michilimackinac  itself  being  of  "transition 
and  compact"  limestone.  A  colored  section  was  given  showing  the 
relative  position  of  granite  and  overlying  sandstone  between  Presque 
Lsle  and  Garlic  River  (fig.  9).  The  sandstone  he  described  as  overlap- 
ping the  granite  and  fitting  into  its  irregularities  in  a  manner  that 
'^shows  it  to  have  assumed  that  position  subsequently  to  the  upheav- 
ing of  the  granite."    The  age  of  this  sand  rock  he  was  unable^^osatiS|^ 
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factorily  determine,  though  its  position  seemed  to  him  to  indicate  a 
near  alliance  to  the  '' Old  red  sandstone."^ 

He  described  the  finding  of  the  large  block  of  native  copper  (now  in 
the  U.  S.  National  Museum  in  Washington),  upon  the  edge  of  the 
Ontonagon  River,  giving  a  picture  and  offering  some  remarks  on  the 
probable  origin  of  the  same.  In  his  report  to  Secretary  J.  C.  Cal- 
houn, under  this  same  date,  made  with  reference  to  the  copper  mines 
of  Lake  Superior,  Schoolcraft  dwelt  in  some  detail  upon  the  occur- 
rence of  frequent  masses  of  drift  copper,  but  stated  that  no  body  of 
the  metal  sufficiently  extensive  to  mine  profitably  had  been  discovered. 
He,  however,  regarded  it  as  probable  that  a  more  intimate  knowledge 
of  the  resources  of  the  country  might  result  in  the  discovery  of  valu- 
able ores  of  copper,  in  the  working  of  which  ^^  occasional  masses  and 
veins  of  the  native  metal  may  materially  enhance  the  advantage  of 
mining."  This  prediction,  it  is  scarcely  necessary  to  say,  has  been 
abundantly  verified. 

Writing  on  the  prevailing  theories  as  to  the  origin  and  distribution 
of  metals  and  gems,  he  remarked,  "There  is  no  reason  that  can  be 
di*awn  from  philosophical  investigations  to  prove  that  these  substances 
may  not  be  abundantly  found  in  the  climates  of  the  north,  even  upon 
the  banks  of  the  frozen  ocean,"  their  distribution  being  apparently 
wholly  independent  of  climatic  conditions. 

The  Dubuque  lead  ore  he  described  as  occurring  in  detached  masses 
in  the  ocherous  alluvial  soil  resting  upon  a  calcareous  rock  referable 
to  the  Transition  class  (in  the  revision  of  his  work,  published  in  1832, 
he  made  this  Carboniferous),  and  also  in  veins  penetrating  the  rock. 
The  relationship  existing  between  the  rock  and  the  residual  clay  did 
not  seem,  however,  to  have  been  recognized.* 

The  presence  of  extensive  beds  of  coal  about  40  miles  southwest  of 
Chicago,  on  the  Fox  River,  was  noted.  The  fact  that  bricks,  made 
from  clay  occurring  near  Chicago,  turned  white  wbs  also  noted,  and 
explained  on  the  ground  that  they  were  lacking  in  iron  oxides.*^ 

In  his  "Travels"  Schoolcraft  advanced  the  idea  that  there  had  been 
at  some  former  period  an  obstruction  in  the  channel  of  the  Mississippi 
River  at  or  near  Grand  Tower,  in  southern  Illinois,  whereby  there 
was  produced  a  stagnation  of  the  current  at  an  elevation  of  about  130 


«  The  correct  position  of  this  sandstone  remaineil  long  a  matter  of  doubt  and  dis- 
pute.    It  is  now  considered  as  of  Potsdam  age. 

ft  Since  this  mode  of  occurrence  was  referred  to  by  subsequent  explorers,  it  may  lie 
well  to  state  here  that  the  ore  was  originally  in  the  limestone,  from  which  it  was 
liberated  by  decomposition  and  left  to  accumulate  in  the  residual  clay,  representing 
the  insoluble  constituents. 

^This  has  since  Ik^u  shown  to  be  an  error.  These*  clays  contain  as  much  iron  as 
others  that  may  burn  re<l.  It  is  prolwble  that,  in  the  process  of  tiring,  this  irt>n  com- 
biners to  form  an  iron-linu»-magnej<ian  silicate  and  is  not  oxidizetl  to  the  extent  t>f 
im|)arting  the  conunon  brick-reti  color.  ^^  . 
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feet  above  the  present  ordinary  watermark.  This  was  made  sufficiently 
evident  to  him  by  the  general  elevation  and  direction  of  the  hills,  which 
for  several  hundred  miles  aliove  are  separated  by  a  valley  from  20  to 
25  miles  wide.  Wherever  these  hills  disclosed  rocky  and  precipitous 
fi-onts  a  series  of  distinctly-marked  old  water  lines  were  observed. 
The  Grand  Tower  and  the  contiguous  promontories  were  regarded  as 
but  the  dilapidated  remains  of  this  barrier.  On  the  breaking  away  of 
the  obstructions  the  water  gradually  receded  into  existing  channels,  by 
which  the  inland  sea  was  gradually  drained. 

One  of  the  most  curious  features  of  this  paper  lies  in  his  pronounced 
acceptation  of  the  accuracy  of  the  various  reports  relative  to  the  find- 
ing of  living  animals  embedded  in  rocks  of  considerable  geological 
antiquity.  He  mentioned  the  finding  at  Carthage,  on  the  Genesee,  of 
twelve  or  fifteen  frogs  embedded  in  a  layer  of  packed  clay  marl  about 
9  feet  below^  the  surface,  where  they  had  apparently  been  buried  since 
the  diluvial  era;  also  the  finding  of  one  in  a  geode  in  the  Niagara  lime- 
stone at  Lockport.  As  bearing  upon  the  same  subject,  he  gave  in  his 
addenda  a  series  of  accounts  of  the  finding  of  various  living  animals 
under  equally  impossible  conditions,  which  he  seenLs  to  accept  without 
({uestion. 

In  1819-20  Maj.  Stephen  H.  Long,  under  the  direction  of  John  C. 
Calhoun,  Secretary  of  War,  made  an  expedition  from  Pittsburg  to 
the  Rocky  Mountains.  With  him  were  associated  Thomas  Say, 
entomologist,  and  Edwin  James,  botanist  and  geolo- 
L^a^sExpeditioii,  ^jg^.  rpj^^  accounts  of  the  expedition,  compiled  by 
Mr.  James,  contain  numerous  references  to  the  geol- 
ogy of  the  region,  which  are  of  interest,  considering  the  time  at  which 
they  were  made.  The  route  of  the  expedition  lay  from  Pittsburg 
down  the  Ohio  to  its  mouth,  up  the  Mississippi  to  St.  Louis,  and 
northwestward  to  Council  Bluflfs;  thence  westward  along  the  Platte 
and  South  Platte  to  a  point  a  little  west  of  the  one  hundred  and  fifth 
meridian  and  north  of  the  thirty-fifth  parallel;  across  to  the  Arkansas, 
which  was  followed  down  to  a  point  a  little  east  of  the  one  hundred 
and  fourth  meridian,  where  the  party  divided,  one  returning  by  the 
Arkansas  and  the  other  by  the  Canadian  River. 

The  reports  on  geology  were,  naturally,  largely  tinged  with  Werner- 
ism.  It  was  noted  that,  in  the  vicinity  of  the  Rocky  Mountains,  only 
Secondary  rocksoccurred,  Transition  forms  being  entirely  lacking.  He 
noted,  first,  the  occurrence  of  red  sandstone  resting  immediately  on  the 
granite,  rather  indistinctly  stratified,  the  strata  sometimes  inclined  and 
sometimes  horizontal;  second,  argillaceous  or  gray  sandstone  overlying 
the  red  and  conforming  to  it  in  its  inclination  and  carrying  sometimes 
coal  and  iron;  third,  floetz  trap,  including  greejistone  and  amygdaloid; 
and  fourth,  sand  and  gravel  resting  on  the  sandstones  and  extt*nding  over 
the  Great  Desert,  thb  latter  material  being  recognized  as  a  product  q| 
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the  disink^gration  of  the  primitive  rocks  of  the  mountains  and  which  he 
thought ' '  to  have  been  deposited  at  a  very  remote  period  when  the  waters 


of  the  primev^al  ocean  covered  the  level  of  the  Great  Plain  and  the 
lower  regions  of  the  gmnitic  mountains."    The  inclined  position  of 
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some  of  these  Secondary  rocks  in  the  immediate  vicinity  of  the  moun- 
tains was  noted,  but  some  difficulty  found  in  accounting  for  the  same. 
''Subsequent  to  the  deposition  of  these  horizontally  stratified  rocks," 
he  wrote,  **  their  position  has  been  somewhat  changed,  either  by  the 
action  of  some  force  beneath  the  primitive  rocks,  forcing  them  up  to 
a  greater  elevation  than  they  formerly  possessed,  or  by  the  sinking 
down  of  the  Secondary,  produced  by  the  operation  of  some  cause 
equally  unknown."  This  matter  he  again  referred  to,  thinking  it  pos- 
sible, though  scarcely  probable,  that  the  great  and  abrupt  change  in 
the  inclination  of  the  strata  in  the  parts  near  the  granite  might  be  due 
to  the  gi'adual  wearing  away  by  the  agency  of  rivers  of  some  portion 
of  the  sandstone,  and  that  those  rocks  now  found  in  an  inclined  position 
were  detached  portions  of  what  was  formerly  the  upper  part  of  the 
strata  which,  having  been  undermined  on  their  eastern  side  and  sup- 
ported by  the  granite  on  the  western  side,  had  fallen  into  their  present 
position. 

The  presence  of  coal  beds  in  the  region  of  the  Ozark  Mountains  was 
noted,  and  the  associated  limestones  were  set  down  as  of  Carbonifer- 
ous age,  as  was  also  the  limestone  of  the  region  of  the  lead  mines. 

An  important  suggestion  was  made  relative  to  the  possibility  of 
obtaining  water  through  bore  holes  sunk  in  the  arid  tract  lying  west 
of  the  Ozark  Mountains.     "It   is  not  improbable,"  he  wrote,  "that 

the  strata  of  many  parts  of  this  secondary  formation 
MtoArtMuir*        toward  its  exterior  circumference  may  vary  from  a 

horizontal  to  an  inclined  position,  in  consequence  of 
which  the  water  that  falls  in  dew  and  rains  in  the  hilly  districts,  be- 
coming insinuated  between  curved  stratifications,  may  descend  toward 
the  center  of  the  formation  under  such  circumstances  as  would  insure 
its  rising  to  the  surface  through  well  or  bore  holes  sunk  sufficiently 
to  penetrate  the  veins." 

The  rocks  of  the  Allegheny  Mountains  were  classified  as  granular 
limestone,  metalliferous  limestones,  transition,  argillitc,  and  sandstone. 
The  report  was  accompanied  by  a  volume  of  plates,  which  included 
geological  sections  on  the  thirty-fifth  and  forty-first  parallels  (fig.  11). 
These  were  intended  to  form  continuations  of  Madure's  third  and 
fifth  sections,  already  noted  (p.  228). 

The  second  volume  of  Silliman\s  American  Journal  of  Science,  issued 
this  year,  had  a  long  article  by  the  editor — Sketches  of  a  Tour  in  the 
Counties  of  New  Haven  and  Litchfield,  Conn.,  with  notices  of  the 
^_^^  Geology,  Mineralogy,  and  Scenery — in  which  are  de- 

swtaMii.  oinstcd,     scribed  the  various  rocks  passed  over,  among  others 

the  '* primitive  white  marble"  near  Mew  Milford. 
He  described  this  as  ^*a  perfectly  distinct  bed  in  gneiss,  which  is  found 
on  both  sides  of  it,  and,  of  course,  both  above  and  below  it,"  a  sensible 
admixture  of  the  two  rocks  being  perceptible  for  some  feet  on  both 
sides  of  the  junction.  "y ^ "" "y  ^^^^iC 
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Just  what  Silllman's  preconceived  opinions  may  have  been  is  not 
apparent,  but  he  remarked  in  a  satisfied  way  that  the  associations 
were  exactly  what  he  had  anticipated. 


The  geolo^cal  relations  of  the  marble  appear  to  have  been  perfectly  distinct, 
*  *  *  and  give  us  new  reason  to  admire  that  wonderful  order  and  harmony,  little 
expecte<l  by  people  in  general,  which  are  found  equally  in  the  mineral  kingdom  as 
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in  the  animal  and  vegetable,  and  which  afforde<i  on  analogical  grounds  the  l>e8t  rea- 
pon  to  predict  that  the  geological  association  of  this  marble  would  l>e  found  to  be 
what  it  actually  is. 

In  the  district  are  nearly  all  the  important  primitive  rocks  of  Vemeuil,  while  New 
Hampshire  includes  a  considerable  portion  of  his  secondary  formations. 

In  the  same  Journal,  Denison  Olmsted,  then  at  Chapelhill,  in  North 
Carolina,  announced  the  discovery  of  a  red  sandstone  formation  in 
North  Carolina,  which  he  had  traced  through  the  counties  of  Orange 
and  Chatham,  with  a  breadth,  in  one  instance  at  least,  of  about  7  miles. 

Caleb  Atwater,  in  the  same  volume,  noted  the  occurrence  of  ancient 
human  bones,  together  with  those  of  a  mastodon  or  mammoth  in  Ohio, 
which  indicated  to  his  mind  that  the  whole  country  had  at  one  time 
been  covered  with  water,  which  had  made  it  '^one  vast  cemetery  of 
the  beings  of  former  ages." 

In  August,  1819,  Dr.  Samuel  Akerly,  who  is  first  mentioned  on  page 
223,  read  before  the  New  York  Lyceum  an  essay  on  the  geology  of 
the  Hudson  River  and  vicinity.  This  was  published  the  year  follow- 
ing in  the  form  of  a  small  duodecimo  volume  of  69 

Akcrlyontbe  **  _  ...  ,         j  ..  # 

Oeoioffyof  the  pagcs,  and  was  accompanied  by  a  colored  section  of 

*  the  country  from  the  neighborhood  of  Sandy  Hook, 
New  Jersey,  northward  through  the  Highlands  in  New  York  toward 
the  Catskills.  This  section  is  mainly  interesting  as  being  the  second 
attempt  of  its  kind,  being  preceded  by  Eaton's  transverse  section  from 
the  Catskills  to  the  Atlantic  by  only  two  years.  The  work  consisted 
mainly  of  descriptive  details  relating  to  the  lithological  character  of 
the  various  formations,  and  contained  little  else  of  value.  Akerly  was 
a  disciple  of  Mitchill,  whom  he  followed  implicitly.  He,  however, 
questioned  the  Old  Red  Sandstone  age  of  the  Connecticut  River  sand- 
stones, on  account  of  bones  of  land  animals  having  been  found  beneath 
them  at  Nyack.  Since,  however,  credence  is  given  to  the  reported 
finding  of  pine  knots,  earthen  vessels,  iron  instruments,  corn  cobs,  etc., 
under  these  same  sandstones,  and  an  iron  instrument  resembling  a 
pipe  in  the  anthracite  coal  of  Rhode  Island,  little  weight  can  be  given 
even  to  his  doubts. 
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CHAPTER  II. 

THE  EATONIAN  ERA»  1820-1829. 

According  to  Amos  Eaton,  1820  marked  the  close  of  the  first  era  of 
American  geology.  Accepting  this,  it  may  well  be  called  the  Maclur- 
ean  era.  The  second,  including  the  decade  1820-1829,  may  with  equal 
propriety  be  called  the  Ekitonian  era,  since  Eaton  was  the  most  promi- 
nent worker  as  well  as  most  profuse  writer  of  the  decade.  In  so  doing, 
however,  we  must  not  overlook  the  fact  that  Eaton  was  favored  with 
unusual  opportunities,  owing  to  the  munificence  of  the  Hon.  Stephen 
Van  Rensselaer  and  that  he,  himself,  would  perhaps  have  called  it  the 
Bensselaerian  era. 

The  era  opened  with  promise,  and  though  the  results  as  apparent 
on  paper  were  not  great,  yet  much  was  actually  accomplished.  It  was, 
so  to  speak,  a  transition  period,  one  in  which  the  possibilities  of  State 
and  Governmental  surveys  were  seriously  considered,  and  one,  too,  in 
which,  so  far  as  America  was  concerned,  there  was  made  the  first  sys- 
tematic attempt  at  correlation  by  means  of  fossils.  We  meet,  too, 
during  this  interval  the  first  really  satisfactory  suggestion  as  to  the 
source  of  the  glacial  drift,  the  first  recognition  of  overturned  folds 
and  the  possibility  of  the  repetition  of  strata  through  faulting  and  dis- 
placement. The  cosmogonists  had  largely  disappeared  and  in  their 
place  were  men  who  had  learned  to  first  observe  and  then  deduce 
according  to  their  understanding  of  the  observed  phenomena. 

In  1820  Ekton  published  a  second  edition  of  his  Index  in  the  form 
of  a  small  octavo  volume  of  286  pages.  In  this  many  of  the  earlier 
opinions  were  restated  with  little,  if  any,  modification.  His  views  rel- 
ative to  the  origin  of  the  continents  were  illustrated 
eiSaaftln£?i820.  ^J  ^^c  plate  here  reproduced,  but  the  source  of  the 
energy  which  resulted  in  the  elevation  of  the  continents 
was  still  unexplained.     He  asserted: 

That  the  rents  made  by  the  grand  explosion,  which  first  upturned  and  disfigured 
the  rocky  cmst  of  the  earth,  were  in  a  north  and  south  direction.  That  those  cross- 
ing the  forty-second  degree  of  north  latitude  were  principally  made  at  the  Pyrenees 
and  Alps  in  Europe,  Caucasus,  Tartary,  and  China  in  Asia,  Rocky  Mountain  and 
New  England  in  America. 

Whether  this  theory  accords  with  the  real  origin  of  the  present  state  of  things  or 
not  is  immaterial.  It  is  introduced  solely  for  the  purpose  of  aiding  the  memory  in 
stadjdng  the  strata  which  we  know  do  exist  d  h  GoOqIc 
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His  views  regarding  the  formation  of  caves  in  limestone  were  prim- 
itive and  highly  interesting: 

When  the  waters  of  the  ocean  retireil,  the  calcareous  cement  which  now  holds  the 
shells  together  was  in  a  state  of  soft  paste.  *  »  »  After  the  waters  retired  the 
parts  exposed  to  the  sun's  rays  l^egan  to  harden,  contract,  and  crack  into  blocks. 
In  some  parts  of  the  Heldeberg  these  blocks  are  of  great  extent,  but  I  have  seen» 
acres  of  it  where  the  stratum  is  very  thin,  checkered  up  into  blocks  from  2  to  10  feet 
square.  Where  the  stratum  is  very  thick  and  the  fissures  very  long,  lai^ge  caverns 
were  frequently  formed,  for  the  upper  surface  of  the  stratum  was  soon  dried  and 
indurated,  while  the  whole  remained  soft  a  long  time  a  few  feet  below  the  surface. 
If  a  stream  of  water  happened  to  flow  in  the  vicinity  of  the  fissure,  it  would  prob- 
ably make  its  way  into  it  and  soon  wash  away  the  loose  shells  beneath  the  surface, 
which  were  merely  enveloped  in  soft  calcareous  paste. 

And  further: 

I  have  examined  four  of  the  largest  caverns  in  the  Heldeberg,  and  they  all  still 
exhibit  conclusive  evidence  of  their  having  been  once  in  the  state  of  mere  fissures, 
and  streams  of  water  still  traverse  them  all. 

The  majority  of  readers  of  to-day  need  scareel}'  be  told  that  these 
limestone  caves  are  formed  wholly  by  a  process  of  solution,  by  surface 
waters  acting  upon  the  strata  only  after  they  had  reached,  essentiallv, 
their  present  position  and  condition  of  induration.  The  streams  of 
water  which  are  found  traversing  the  caves  are  incidental  and  conse- 
quent rather  than  causative. 

His  views  on  the  formation  of  stalactitic  iron  ore,  as  exemplified  in 
the  Salisbury  mine,  are  equally  interesting.  The  ore,  he  believed  to 
have  been  at  one  time  specular  iron  imbedded  in  the  talco-micaceous 
rock,  and  deposited  in  its  present  f onn  from  a  state  of  fusion  as  recent 
as  the  time  when  the  ^'Alluvion"  was  formed. 

These  stalactites  are  always  suspended  from  masses  intermixed  with  the  soil  in 
such  a  manner  that  it  is  evident  the  iron  was  in  a  state  of  fusion  when  in  contact 
with  it.  The  foot,  which  still  adheres  to  all  stalactitic  specimens,  proves  that  the 
heat  was  continued  after  the  ore  was  confined  in  its  present  state.  If  it  was  ever 
fused  down  from  any  rock,  it  must  have  been  the  same  out  of  which  the  alluvion 
embracing  it  was  fonned.  The  cause  producing  such  a  high  heat  I  shall  not  attempt 
to  assign;  but  that  the  ore  exhibits  sufficient  evidence  of  its  having  been  recently 
fused,  I  believe  no  one  can  question  who  has  ever  inspected  it  in  place. 

The  reader  of  to-day  need  here  also  scarcely  be  told  that  all  the 
peculiarities  thus  described  were  due  not  to  heat,  but  to  deposition 
from  solution. 

His  views  regarding  man}'  phenomena  were,  naturally,  largely  a 
reflection  of  those  held  by  European  authorities.  In  fact,  one  of  the 
most  striking  features  which  impresses  itself  upon  the  reader  of  these 
early  works  is  the  attempt  manifested  by  all  to  correlate  the  various 
formations,  not  of  America  alone,  but  American  with  European,  on 
purely  lithological  grounds.  If  a  specimen  of  sandstone,  schist,  or 
whatever  it  might  be,  resembled  another  from  a  different  source,  no 
matter  how  distant,  this  was  considered  evidence  of  its  belonging  to 
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the  sanic  formation.  This  method  of  correlation  did  not  wholly  dis- 
appear among  American  workers  for  many  years,  although  Marcou 
was  probably  its  latest  ardent  apostle.  Eaton  himself  made  an 
attempt  to  break  away  from  it  in  his  later  work,  as  will  be  noted. 

In  the  work  under  discussion  the  crystalline  limestone  or  granular 
limestone  and  quartz,  calcareous  and  granular  quartz,  and  metalliferous 
limestone  of  the  first  edition  were  regarded  as  all  belonging  to  one 
and  the  same  stratum,  but  the  position  of  this  limestone,  as  shown 
near  the  east  line  of  Danbury,  Connecticut,  confused  him. 

Here  the  layers  dip  to  the  west;  but  in  West  Stockbridge  and  Alford  they  gen- 
ally  dip  to  the  east,  though  there  seems  to  be  no  conformity  in  their  direction. 
Had  some  force,  applied  at  the  eastern  edge,  raised  these  mountain  masses  from  the 
horizontal  towanl  the  vertical  position,  leaving  some  inclined  to  the  east  and  forcing 
others  beyond  a  vertical  position,  they  would  have  presented  their  present  inclination. 

This  is  the  first  suggestion  of  anything  resembling  an  overturned 
fold  which  had  thus  far  been  made.  He  was  correct  in  his  observa- 
tions, but  the  science  had  not  suflBlciently  advanced  to  enable  him  to 
realize  the  possibilities.  It  will  be  noted,  too,  that  he  was  working 
in  a  region,  the  correct  interpretation  of  which  has  been  a  source  of 
dispute  for  nearly  three-quarters  of  a  century.  The  glacial  drift  was, 
as  in  the  first  edition  of  his  work,  still  classed  as  alluvial,  and  the 
materials  composing  Long  Island  and  the  coastdl  plain  were  regarded 
as  of  a  common  origin. 

Eaton  made  use  of  Le  Due  and  Jameson's  awkward  name  of  Geest  to 
include  the  *'most  univei*sal  of  all  strata,"  which  was  found  occupying 
'*  every  inch  of  dry  land  which  is  neither  naked  rock  nor  covered  with 
alluvion,"  and  the  character  of  which  "is  generally  indicated  by  the 
rock  upon  which  it  lies  and  by  those  which  have  recently  disappeared." 
Although  thus  defined,  in  his  attempt  to  outline  its  distribution  he 
failed  to  discriminate  between  the  true  residual  material  and  that 
which  is  drift. 

What  he  had  to  say  on  the  subject  of  organic  relics  or  fossils  was 
merely  an  adaptation  from  Martin's  Sf/ntema  rell<juioru?n.  He  classi- 
fied these  relics  under  two  heads,  petrifactions  and  conservatives.  The 
petrifactions  or  substitutioTis^  as  he  sometimes  called  them,  were  ''those 
relics  which  are  entirely  made  up  of  mineral  substances,  which  have 
gradually  run  into  the  places  occupied  by  organized  bodies,  as  those 
bodies  decayed,  and  assumed  their  forms."  The  conservatives  or  pres- 
ervations, on  the  other  hand,  were  ''  those  relics  or  parts  thereof  which 
still  consist  of  the  very  same  substances  which  originally  composed  the 
living,  organized  being." 

These  relics  were  named  by  annexing  the  termination  lithos,,  a  stone, 
to  the  scientific  name  of  the  living  organism;  as,  for  instance,  a  fossil 
fish  would  be  ichthyolithos,  though  the  terminology  in  English  he 
often  modified  from  ltt}u)S  to  lite.     Adopting  this  nomenclature,  he 
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grouped  all  organic  relics  under  nine  heads,  as  follows:  Genus  I, 
Mamniodolite;  Genus  II,  Ornitholite;  Genus  III,  Amphibiolite;  Grenus 
IV,  Ichthyolite;  Genus  V,  Entomolite;  Genus  VI,  Helmintholite; 
Genus  VII,  Concholite;  Genus  VIII,  Erismatolite;  Genus  IX, 
Phytolite. 

In  1821  E^ton  was  employed  by  S.  Van  Rensselaer  to  make  a  geo- 
logical and  agricultural  survey  of  Rensselaer  County,  New  York.  His 
report,  printed  in  1822,  formed  an  octavo  pamphlet  of  70  pages,  and 

was  accompanied  by  a  geological  section,  extending 
rmimcL^  ciranty!'  f rom  the  Onondaga  Salt  Springs  across  the  county  to 

Williams  College  in  Massachusetts.  The  first  thirty 
pages  of  the  report  were  given  up  to  discussions  of  the  chainicter  and 
distribution  of  the  various  kinds  of  rocks  and  soils,  and  the  remainder 
to  methods  of  culture  and  an  agricultural  calendar. 

The  rocks  of  the  county,  as  well  as  those  of  Washington  County  on 
the  north  and  ol  Columbia  County  on  the  south,  were  regarded  as  chiefly 
belonging  to  the  transition  formations.  Secondary  limerock  resting 
on  the  gray wacke  was  found  in  Schaghticoke  about  four  miles  east  of 
the  Hudson  and  in  the  northern  part  of  Greenbush.  As  to  whether 
the  argillite  along  the  eastern  margin  of  the  county  was  transition  or 
primary,  he  was  in  doubt.  As  with  his  contemporaries,  he  based  his 
opinions  largely  upon  lithological  data,  quite  failing  to  realize  that 
rocks  of  widely  varying  age  may  more  or  less  resemble  each  other, 
according  to  local  conditions  and  the  amount  of  metamorphism  they 
may  have  undergone.  Passing  westward  from  Williams  College,  the 
various  rocks  met  with,  as  shown  in  his  section,  and  described  are  (1) 
granular  and  primitive  limestone,  (2)  metalliferous  or  transition  lime- 
stone, (3)  argillite,  (4)  metalliferous  limestone  again,  (5)  a  second  band 
of  argillite,  (6)  gray  wacke  with  sporadic  patches  of  (7)  compact  second- 
ary limestone,  (8)  secondary  or  calcareous  sandstone,  and  (9)  argillaceous 
gra3'wacke,  semi-indurated  argillite,  and  clay  slate.  The  first  three 
were  represented  with  steep  westerly  dips  passing  under  the  gray- 
wacke,  which  constitutes  the  principal  formation. 

On  November  17,  1820,  the  Hon.  J.  B.  Gibson  read  a  paper  before 
the  American  Philosophical  Society,  which  was  published  in  the 
Transactions  of  that  year,  on  the  trap  rocks  of  the  Conewago  Hills 

near  Middletown,  Dauphin  County,  and  Stony  Ridge 
Trup'RSkrrsio"     "^^^  Carlisle,   Dauphin  County,  Pennsylvania.     He 

described  the  mode  of  weathering  into  bowlders,  and 
rightly  argued  that  such  was  due  wholly  to  atmospheric  agencies  and 
did  not  indicate  an  original  concretionary  structure.  He  seemed  to 
regard  the  columnar  structure  in  this  class  of  rocks  as  due  also  to 
decomposition,  mentioning  as  an  example  the  columns  of  the  Giant's 
Causeway,  *' which  exhibit  regular  prismatic  form  only  when  it  has 
long  been  exposed  to  the  action  of  the  atmosphere."       ^  , 
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He  did  not  regard  the  trap  of  the  Conewago  Hills  as  igneous,  but 
that  of  Stony  Hill  presented  to  him  an  appearance  more  decisively 
volcanic.  This  did  not,  however,  necessarily  mean  that  there  may 
have  once  existed  a  crater  here. 

These  observations  of  Gibson  relative  to  the  mode  of  decomposition 
of  the  trappean  rock  are  of  interest  when  taken  in  connection  with 
observations  of  other  individuals  of  about  this  period  in  North 
Carolina. 

It  appears  that  the  attention  of  the  Rev.  James  Hall  and  Zachariah 
Lewis  had  been  called  to  what  are  now  known  to  be  small  ti*appean 
dikes  on  the  Yadkin  River,  near  Salisbury,  which  had  undergone 
decomposition  into  small  bowlder-like  masses.  The  fact  that  these 
dikes  had  at  one  time  occupied  rifts  in  older  rocks  which  had  largely 
disappeared  through  decomposition,  leaving  them  standing  in  wall- 
like masses,  entirely  escaped  the  observation  of  the  two  gentlemen 
named,  and  they  were  consequently  described  as  probably  of  human 
workmanship. 

In  response  to  a  request  of  Dr.  Samuel  L.  Mitchill,  Mr.  John  Beck- 
with  made  an  examination  of  the  occurrences  and  reported  the  result 
in  a  letter  printed  in  the  American  Journal  of  Science  for  1822. 
Beckwith  described  in  considerable  detail  the  occurrence  of  the  dikes 
and  the  stages  of  transition  from  the  solid  bowlder-like  masses  to  the 
supposed  interstitial  cement.  While  apparently  not  realizing  com- 
pletely the  fact  that  their  then  appearance  might  be  due  to  decompo- 
sition, his  description  is  such  as  to  leave  no  doubt  in  the  mind  of  the 
present  reader.  As  to  the  exact  character  of  the  material  itself,  he 
was  somewhat  at  a  loss,  but,  on  the  whole,  inclined  to  believe  it  to  be 
basaltic,  though  perhaps  of  aqueous  rather  than  igneous  origin. 

The  work  of  Thomas  Nuttall  merits  attention  here  only  on  account 
of  the  time  of  its  accomplishment.  Nuttall  himself  was  not  a  geolo- 
gist, nor  can  he  be  considered  an  American.  His  principal  work  was 
N«ttau'»  ^^  ^  botanical  and  ornithological  nature,  the  paper, 

ojj«^r«tioiM.  Observations  on  the  Geological  Structure  of  the  Valley 

of  the  Mississippi,  being  his  sole  contribution  to  the 
literature  of  geology.  This  was  read  before  the  Philadelphia  Academy 
in  December,  1820,  and  in  its  printed  form  occupies  38  pages  of  the 
journal  of  the  society. 

Nuttairs  travels  took  him  along  the. southern  shore  of  Lake  Erie  to 
Detroit;  thence  by  canoe  along  the  coast  of  Lake  Huron  to  Michili- 
mackinac;  thence  south  westward  to  Green  Bay,  Wisconsin,  and  by  way 
of  the  Fox  and  Wisconsin  (Ouisconsin)  rivers  to  the  Mississippi,  near 
Pi-airie  du  Chien,  and  southward  to  St.  Louis.  This  and  other  trips 
up  the  Missouri  and  Arkansas  rivers  gave  him  ample  opportunity  for 
such  superficial  observations  as  he  was  competent  to  make.  Those 
observations  consisted  largely  of  conjectures  as  to  the  geographic 
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limits  of  the  secondary  formations,  which  he  found  here  to  consist 
mainly  of  limestone  strongly  resembling  the  mountain  limestone  of 
Derbyshire  in  England,  and  he  announced  himself  as  '*  fully  satisfied 
that  almost  every  fossil  shell  figured  and  described  in  the  Petrifica 
Derbiensia  of  Martin"  was  to  be  met  with  throughout  the  great  cal- 
careous platform  of  the  Mississippi  Valley.  The  limits  and  character 
of  the  '^  Ancient  Marine  Alluvium,"  its  fossil  and  mineral  contents 
were  discussed;  the  essay  concluding  with  some  observations  on  the 
Transition  Mountains  of  Arkansas,  with  brief  notes  on  the  hone  slate 
of  Washita. 

In  1820  there  appeared  also  H.  H.  Hayden's  Geological  Essays. 
These  are  of  especial  interest  as  dealing  particularly  with  the  Tertiary 
and  more  recent  alluvial  deposits  of  the  Atlantic  and  Gulf  coasts,  form- 
ing what  is  now  known  as  the  coastal  plain.  The  work 
"So.*"  *  ^■"^•'  is  verbose  in  the  extreme  and  more  argumentative  than 
logical.  Indeed,  were  it  not  for  its  historical  interest 
and  for  the  light  which  is  thrown  upon  the  crudities  of  early  observa- 
tion and  deduction,  it  would  be  scarcely  worth  considering  at  all. 

After  referring  to  the  geographical  limits  of  this  coastal  plain,  as 
defined  and  mapped  by  Maclure,  and  combating  the  opinions  of  pre- 
vious observers  [including  Latrobe,  Stoddai*d,  and  others]  to  the  effect 
that  it  was  formed  by  flood  tides  and  the  winds  acting  on  materials 
cast  up  by  the  sea  or  through  the  transporting  powers  of  the  great 
rivers,  Hayden  proceeded  to  elaborate  his  own  theories  in  a  way  as 
ingenious  as  it  now  seems  improbable.  '' Viewing  the  subject  in  all 
its  bearings,  there  is  no  circumstance  that  affords  so  strong  evidence 
of  the  cause  of  the  formation  (i.  e.,  the  coastal  plain)  as  that  of  its 
having  been  deposited  by  a  general  current,  which  at  some  unknown 
period  flowed  impetuously  across  the  whole  continent  of  America,  and 
that  from  northeast  to  southwest."  The  course  of  this  current  he 
assumed  depended  on  that  of  the  geneml  current  of  the  Atlantic 
Ocean,  the  waters  of  which  rose  to  such  a  height  that  '^it  overran  its 
ancient  limits  and  spread  desolation  on  its  adjacent  shores." 

In  seeking  a  cause  for  this  general  current  the  author  referred,  first, 
to  the  seventh  chapter  of  the  Ijook  of  Genesis,  ''For  yet  seven  days, 
and  I  will  cause  it  to  rain  upon  the  earth  forty  days  and  forty  nights, 
and  every  living  substance  that  I  have  made  will  I  destroy  from  off  the 
face  of  the  earth, ^'^  He  then  proceeded  to  show  the  inadequacy  of  this 
cause  alone;  the  water  being  thus  e(jually  distributed  over  the  wean 
and  the  land,  there  "could  be  no  tendency  to  cause  a  current  in  the 
former."  Some  other  cause  must  therefore  be  sought^  and  fortu- 
nately his  imagination  proved  equal  to  the  task. 

Accepting  as  probable  the  suggestion  of  "a  writer  of  no  common 
celebrity,"  presumably  Kirwan,  to  the  effect  that  the  cause  of  the 
geneml  deluge  was  the  melting  of  the  ice  at  the  two  poles^f  the  earth, 
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and  that  this  was  occasioned  by  the  sun  deviating  from  the  ecliptic,  he 
prot^eeded  to  explain  in  his  own  way  how  this  might  be  brought  about, 
though  acknowledging  that  no  positive  testimony  could  possibly  be 
adduced  to  substantiate  the  fact. 

Having  admitted  the  possibility  of  the  earth's  changing  its  position 
so  that  the  sun  would  pass  ^immediately  over  the  two  poles  upon  an 
unknown  meridian,"  he  showed  that  there  would  then  result  a  rapid 
dissolution  of  the  existing  ice  caps,  such  as  would  yield  an  ample  sup- 
ply of  material,  it  being  only  necessary  to  give  it  direction.  Consid- 
ering as  essential  to  the  problem  only  the  northern  hemisphere,  he 
remarked  that  from  this  polar  cap  there  are  but  two  outlets — the  one 
into  the  Pacific  Ocean  through  the  narrow  Bering  Strait  and  the  other 
through  the  wider  channel  between  Greenland  and  Lapland  into  the 
Atlantic.  Hence,  when  the  melting  ensued,  by  far  the  larger  vol- 
ume of  water  passed  into  the  latter  ocean. 

No  sooner  was  this  operation  established,  and  this  accesnion  of  strength  and  power 
thrown  into  the  Atlantic  Ocean  in  particular,  than  its  tide  l)egan  to  rise  alx)ve  its 
common  limits  accompanied  by  a  consequent  current,  l)oth  ci)nstantly  increasing, 
the  one  in  height  and  the  other  in  rapidity,  proportione<l  to  the  increase  of  ix)wer  at 
the  focus.  ♦  *  ♦  At  the  commencement  of  this  frightful  drama  the  current,  it  is 
highly  probable,  was  diWded  by  the  craggy  heights  of  Spitzbergen  and  a  part  thrown 
into  the  White  Sea,  while  the  other  was  thrown  back  upon  the  eastern  and  southern 
coast  of  Greenland,  and  from  thence  in  a  southwestern  direction  until  it  struck  the 
southeastern  coast  of  Labrador,  along  which  it  swept  through  the  straits  of  Belle 
Isle,  across  Newfoundland,  Nova  Scotia,  and  along  the  Atlantic  coast  into  the  (xulf 
of  Mexico.  *  *  *  In  a  short  space  of  time,  the  southern  an<l  eastern  coast  of 
Labrador,  over  which  this  current  was  urged  with  increasing  force,  was  desolate*!. 
The  soil  ♦  *  *  was  hurled  adrift  and  *  *  *  carried  across  the  country  into 
the  Gulf  of  St.  I^awrence,  and  across  a  |>art  of  New  England  into  the  sea,  or  gi»neral 
current  of  the  ocean.  Continuing  to  rise,  the  waters  swept  across  Davis  Strait  and 
rolled  their  tumultuous  surges  into  Hudson  Bay,  embracing  the  whole  coast  of  Lab- 
rador, while  the  uneciual  current  of  the  St.  Lawrence  was  forred  Inick  and  upimrd  to 
ihpamU  source.     ♦    *     * 

At  length  the  floods  of  the  |>ole  forming  a  junction  with  Baffins  Bay  and  the  Arc- 
tic Sea,  defying  all  bounds,  overran  their  ancient  limits  and  hurled  their  united 
forces,  in  drea<I  confusion,  across  the  bleak  regions  of  the  north  to  consummate  the 
awful  scene.  Thus  lakes  and  seas  uniting  fc>rme<l  one  common  ocean  which  was 
pro|>elle<l  with  inconceivable  rapidity  across  the  continent  between  the  great  chain 
of  mountains  into  the  (4ulf  of  Mexico  and  probably  over  the  unpeopled  wilds  of 
South  America  inU»  the  Southern  Ocean.  Fulfilletl  in  this  way  were  the  awful 
denunciations  of  an  offended  God,  by  the  sure  extermination  of  every  l)east  of  the 
field  ami  every  creeping  thing  that  creei)eth  upon  the  face  ui  the  earth. 

The  argument  used  to  substantiate  or  in  favor  of  the  probability  of 
the  above  causes  can  not  be  dwelt  upon  here.  But  to  these  causes  he 
believed  to  be  due  not  merely  the  alluvial  deposits  of  the  coastal  plain, 
but  as  well  the  barrenness  of  soil  of  the  rocks  in  Labrador  and  the 
northeastern  portion  of  the  continent,  and  also  the  general  phenomena 
of  the  glacial  drift,  the  bowlders  of  the  latter  being  conceived  as 
transported  by  floating  ice.  ,,GoOQle 

NAT  HUB  1904 17  O 


258  REPORT    OF   NATIONAL   MUSEUM,    1904. 

While  all  this  was  taking  place  on  the  American  continent,  the 
material  supplied  by  the  melting  of  the  south  Polar  ice  cap  was  find- 
ing its  way  northward  over  Asia,  carrying  with  it  to  northern  Siberia 
the  mammoth,  rhinoceros,  and  other  gigantic  animal  remains  now 
there  found.     In  this  last,  it  will  be  observed,  he  followed  Pallas. 

The  opinion  held  by  many  to  the  effect  that  the  deltas  of  rivers 
were  composed  exclusively  of  alluvion  brought  down  in  the  course  of 
time  and  deposited  at  their  mouths,  he  regarded  as  ^'a  flagrant  dere- 
liction from  truth  and  every  principle  of  sound  reasoning  and  estab- 
lished fact."  Such  he  regarded  as  formed  in  part  of  natural  alluvion 
of  the  rivers,  in  part  of  wind-blown  sand  and  dust,  and  in  part  of  waste 
from  the  fields  due  to  cultivation  and  the  cutting  away  of  forests. 
Thus  early  he  recognized  the  importance  of  man  as  a  geological  agent, 
and  also  that  of  the  wind.  He  nowhere  in  the  whole  150  pages  of 
the  discussion,  however,  recognized  the  now  well-known  fact  that 
deltas  are  fonned  only  at  the  mouths  of  rivers  emptying  into  tide- 
less  seas. 

Strangely  enough,  although  one  of  the  earliest  to  recognize  the 
extent  and  imjwrtance  of  the  alluvial  formations,  Haj^den  seems  to 
have  had  very  hazy  notions  regarding  the  origin  of  their  materials. 
The  belief  held  by  many  to  the  effect  that  every  species  of  rock  is 
liable  to  a  slow  but  progressive  form  of  disintegration  and  decomposi- 
tion was  to  him  rank  heresy,  as  ""tantamount  to  a  libel  against  the 
letter  and  spirit  of  Holy  Writ."  Not  but  that  some  rocks  may  indeed 
decompose,  such  as  the  '*^  micaceous  schistus,"  but  ^'granite  and  other 
rocks  of  like  nature,  where  the  ijuartz  feldspar  and  mica  are  perfectly 
combined,  are  practically  indestructible;"  and  the  arguments  he  used 
to  prove  this  are  precisely  those  used  to-day  to  prove  the  rapidity  of 
the  destructive  process — that  is,  the  evidence  furnished  by  old  stone 
monuments  and  buildings.  Blinded  by  his  religious  prejudices  and 
preconceived  notions,  he  refused  to  accept  proof  of  such  decay,  even 
when  confronted  by  it  in  unmistakable  forms,  referring  to  such  as  but 
the  ''  debris  of  the  incompact  or  imperfectly  formed  mass  that  served  as 
the  covering,  as  it  were,  of  the  rocks,  and  which,  being  destitute  of 
a  cement,  had  fallen  away  to  sand."* 

Even  that  ''the  soil  which  covers  the  face  of  the  earth  was  produced 
by  the  disintegration  of  rocks''  was  to  him  an  opinion  unfounded 
both  in  natural  as  well  as  in  moral  philosophy,  and  betrayed  a  want 
of  attention  to  the  plans  of  the  Omnipotent.  ''  Who  can  or  will  con- 
tend that  the  mountains  of  our  earth  are  l>ecoming  more  and  more 
depressed  by  the  disintegration  of  the  rocks  of  which  they  are  com- 
])osed^  »  *  »  Fortunately,  however,  it  is  not  so.  The  Great 
Author  of  Nature  intended  it  otherwise,  and  they  are,  and  ever  have 
been,  the  same  in  height,  in  all  human  probability,  that  they  were 
from  the  commencement  of  time." 
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Hayden  was  the  first  to  suggest  the  name  Ttn^minj  for  formations 
of  alluvial  origin  and  more  recent  than  the  secondary.  The  secondar}^ 
formations  he  regarded  as  *^'the  results  of  a  natural  operation;"  that 
is,  as  natural  deposits  from  water,  probably  in  a  state  of  perfect  tmn- 
quility.  The  alluvial,  on  the  other  hand,  were  the  results  of  '•'acci- 
dental operations." 

These  essays  were  very  favombly  reviewed  by  Silliman  in  the  third 
volume  (1821)  of  his  journal,  even  the  idea  of  the  fusion  of  the  polar  ice 
cap  being  allowed  to  pass  with  no  more  serious  criticism  thau  to  suggest 
that  the  flood  of  waters  might  have  been  produced  through  the  expul- 
sion of  the  same  from  cavities  in  the  earth.  ^,  K.  De  Kay,  writing  in 
1828.  ventured,  however,  to  take  exception  to  some  of  the  expressed 
views  regarding  drift  bowlders.  He  wisely  suggested  that  since  the 
speculative  part  of  geology  is  but  a  series  of  hypotheses  we  should  in 
every  case  admit  that  which  explains  the  phenomena  in  the  simplest 
possible  manner.  To  his  mind  the  simplest  manner  of  explaining  the 
presence  of  bowlders  of  primitive  rocks  scattered  over  a  secondary  or 
al  hi  vial  region  was  to  suppose  that  such  had  been,  as  igneous  materials, 
exti-uded  through  all  superincumbent  strata,  forming  peaks  which 
have  since  been  destroyed  by  some  convulsion  of  nature  or  by  the 
resistless  tooth  of  time,  the  bowlders  thus 
being  but  fragments  which  had  escaped 
destruction,  though  their  place  of  extrusion 
had  become  completely  obscured. 

Hayden's  career  was  varied  and  interest- 
ing. Early  thrown  on  his  own  resources, 
with  an  ardent  desire  for  knowledge  and 
craving  for  travel,  he  went  to  sea  at  the  age 
of  fourteen,  making  two  voyages  to  the  West 
Indies,  after  which  he  re- 
sketch  of  Hayden.  tumed  to  his  school  and  his 
books.  When  sixteen  years 
of  age  he  was  bound  out  to  an  apprenticeship 
with  an  architect,  with  whom  he  served  until 
he  reached  his  majority,  when  he  once  mo 
Indies  and  established  hunself  at  Point  a  Pitre  in  (Juadeloupe  Island, 
one  of  the  Lesser  Antilles.  Ill  health,  iiowever,  finally  drove  him 
back  to  America,  where  he  found  employment  in  his  profession  in 
Connecticut  and  New  York,  with  occasional  intervals  of  teaching,  in 
which,  it  was  stated,  he  was  very  successful. 

Through  accident  his  attention  was  turned  to  dentistry,  and  w^ith  no 
preliminary  training  and  only  such  knowledge  as  could  be  gained  by  . 
I'eading,  he  established  himself  in  the  practice  of  that  profession  in 
Baltimore,  somewhere  about  1824,  being  then,  it  will  be  observed, 
between  tif ty  and  sixty  3^eai"s  of  ag(\     In  this  work  lie  in 


Fig.  12.— Horace  H.  Hayden. 
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being  highly  successful,  rising  rapidly  in  public  confidence  and  hold- 
ing the  highest  professional  rank  in  the  city.  When  the  American 
Society  of  Dental  Surgeons  was  established,  he  became  its  first  presi- 
dent. Aside  from  his  profession  he  devoted  himself  to  studies  in 
physiology  and  pathology,  as  well  as  geology. 

To  Volne}^  and  Mitchill's  hypotheses  (mentioned  on  p.  232)  to  the 

effect  that  the  deep  gorge  of  the  Potomac  at  Harpers  Ferry,  of  the 

Hudson  at  West  Point,  the  Delaware  ne^r   Easton,  the   Schuylkill 

northwest  of  Hamburg,  and  the  Susquehanna  below 

WilMo't  Exceptions    ^^        •   i  ,  i  i.      i 

to  Hypotheses  of  Hamsburg,  were  torn  open  by  the  pressure  of  the 
waters  of  Lake  Ontario,  Mr.  J.  W.  Wilson,  in  the 
American  Journal  of  Science  for  1821,  took  exception.  He  gave 
altitudes  showing  that  the  waters  of  the  supposed  lake  could  never 
have  risen  within  500  feet  of  the  summit  of  the  highlands  at  West 
Point  without  discharging  over  the  summits  of  the  mountains  at 
Harrisburg;  or  through  Lake  Champlain  into  the  Sorel  and  St.  Law- 
rence before  rising  within  1,400  feet  of  Butler  Hill,  near  West  Point. 
These  were  good  arguments,  but  the  explanations  offered  by  Mr. 
Wilson  were  in  themselves  by  no  means  satisfactory.  ''Is  not"  he 
wrote  "the  best  theory  of  the  earth,  that  the  Creator,  in  the  begin- 
ning, at  least  at  the  general  deluge,  formed  it  with  all  its  present 
grand  characteristic  features  ? "  To  this  the  editor  (Silliman)  responded 
in  a  footnote  that  "The  Creator  undoubtedly  brought  all  matter  into 
being  and  established  the  laws  which  govern  it;  the  operation  of  those 
laws  then  is  always  a  fair  subject  of  discussion,  and  although  it  is  the 
shortest  it  is  not  the  most  instrwtwe  course  to  cut  the  knot  where  it 
may  be  untied,'''^ 

Earlv  accounts  of  the  geology  and  mineralogy  of  North  America 
were  eagerly  seized  upon  by  foreign  scientists,  as  well  as  those  inter- 
ested from  a  spirit  of  gain  only.  Thus,  in  1822  there  was  published 
in  Haml)urg,  in  the  form  of  a  small  octavo  pamphlet  of  124  pages,  a 
series  of  extracts  from  the  American  Journal  of  Science  and  Journal 
of  the  Academy  of  Natural  Sciences,  entitled  Beitrage'  Zur  Mineral- 
ogie  u.  Geologic  des  Nordlichen  America's  nach/  Amerikanischen 
Zeitschriften  bearbeitet  von  Heinrich  von  Struve.  The  article.^ 
abstracted  were  Schoolcraft's  account  of  the  native  copper  on  the  north 
shores  of  Lake  Sui>erior;"  A.  G.  Jessup's  geological  and  mineralogical 
observations  on  a  portion  of  the  northern  border  of  New  York;* 
Vanuxem's  description  and  analyses  of  the  Wollastonite  (Taffelspath's) 
of  Willsborough,  New  York;*  John  Dixon's  mineralogical  and  geo- 
logical observations  on  a  part  of  North  and  South  Carolina;  Gerard 
Troost's  description  of  a  mineral  resembling  amber  found  in  the  sands 

"  American  Journal  of  Science,  III,  1821,  No.  2. 

^  Journal  of  the  Academy  of  Natural  Sciences,  Philadelphia,  December,  1821. 
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of  Cape  Sable;''  and  miscellaneous  notes  on  the  geolog}'  and  mineral- 
ogy of  North  America  from  the  same  publishers/  There  was  also 
given  a  description  of  a  collection  of  North  A"ierican  minerals.  A 
little  over  four  pages  were  devoted  to  a  description  of  the  marbles  of 
Pennsylvania;  Connecticut;  Vermont;  Stockbridge,  Massachusetts; 
and  Thomaston,  Maine,  the  descriptions  being  naturally  limited  to 
specimens  and  not  to  their  occurrence  in  the  field. 

In  1822  Dr.  Thomas  Cooper,  president  of  South  Carolina  College, 
published  in  the  American  Journal  of  Science  an  article  of  nearly 
forty  pages,  giving  his  v4ews  on  volcanoes  and  volcanic  substances. 
He  defined  a  volcano  as  a  natural  vent  in  the  crust  of 
the  earth,  made  by  subterranean  fires  to  afford  exit 
for  gases,  vapors,  and  solid  substances  that  have  been 
exposed  to  the  action  of  intense  heat  in  the  bowels  of  the  earth.     The 
seat  of  the  volcano  he  believed  to  be  l>elow  or  within  the  oldest  gran- 
ite.    In  action,  the  volcano  is  described  as  giving  off  smoke  and  flame 
derived  from  contact  with  coal  strata,   the  eruption  being  usually 
accompanied  by  electric  light,  the  source  of  which  he  acknowledged 
as  problematical.     Compared  with  all  this 
error,  his  recognition  as  lavas  of  the  por- 
phyries in  the  vicinity  of  lioston  and  the 
Trias.sic  traps  of  the  eastern  United  States 
stands  out  in  remarkable  contrast. 

Cooper,  or  '*  Old  Coot,"  as  he  was  called 
during  the  period  of  his  activity  at  the 
South,  seems  to  have  been  a  queer  char- 
acter— ''  a  learned,  ingenious,  scientific,  and 
talented  madcap,"  as  President  Adams  is 
said  to  have  called  him.  He 
Sketch  of  Coopo-.  was  not  a  geologist,  except- 
ing in  books,  but  rather  an 
educator  and  theorist.  He  was  born  in 
London  in  1759  and  educated  at  Oxford, 
where  he  paid  chief  attention  to  the  classics,  though  his  inclination 
was  for  the  sciences.  He  came  to  America  in  1795  and  settled  down 
for  a  time  to  the  practice  of  law  at  Northampton,  Pennsylvania. 

A  restless,  aggressive  spirit  soon  took  him  into  the  political  field, 
where  the  violence  of  his  newspaper  attacks  caused  him  at  one  time 
to  be  imprisoned  for  six  months  and  fined.  After  his  release  he  was 
appointed  first  land  commissioner  and  then  judge,  being  removed 
from  the  latter  oflice  for  arbitrary  conduct.  He  then  turned  his 
attention  to  chemistr}^  and  became  in  turn  professor  of  chemistry  in 
Dickinson  College  in  Carlisle,  professor  of  chemistry  and  mineralogy 
in  the  University  of  Pennsylvania  in  Philadelphia,  and  professor  of 
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i'hemistry,  luinonilogN ,  natural  philosophy,  and  law  (I)  in  the  Univer- 
sity of  Virginia.  At  the  last  named  plaee  he  starved  from  1817  to 
1820,  being  finally  forced  to  resign  on  account  of  the  opposition  to 
his  liberal  teachings  on  the  part  of  the  Presbyterians. 

From  Charlottesville  he  went  to  Columbia,  South  Carolina,  where 
he  served  as  professor  of  chemistry  {1820»-21)  and  then  as  president 
(1S21-1834),  l)eing  here  again  compelled  to  resign  for  his  violent  lil>er- 
alism  in  matters  relating  to  science  and  religion.  Queerly  enough,  a 
committee  appointed  by  the  State  legislature  in  1831  to  investigate  his 
conduct  with  a  view  to  his  removal  failed  to  make  out  a  case,  and  the 
charges  were  dismissed.  His  final  undoing  would  seem  to  have  been 
parallel  with  that  of  the  sick  man  whose  case  his  physician  was  unable 
to  diagnose  s[>ecifically  and  the  record  of  whose  death  was  put  down 
to  ''general  cussedness.'' 

Cooper,  as  al>ove  noted,  was  not  a  geologist,  as  the  term  is  now 
used,  but  comes  in  for  recognition  here  on  account  of  the  prominent 
part  he  played  in  early  educational  movements  relating  to  the  intro- 
duction of  the  science  in  the  universities.  It  was  through  his  influence 
that  the  chair  of  geology  at  the  South  Carolina  C4)llege  was  established, 
to  which  Vanuxem  was  called  in  1821,  and  Le  Conte  in  1857.  At  the 
time  Cooper  assumed  the  reins  in  Columbia  geology  wa*s  taught  at  no 
other  institution  in  America  except  Yale,  and  the  only  available  text 
books  were  the  reprints  of  Bakewell's  geologies  with  Silliman's  notes. 
To  the  latter,  on  account  of  the  acceptation  of  Mosaic  doctrines.  Cooper 
took  violent  exception,  and  attacked  them,  first  in  lectures  to  his 
classes  and  subsequently  in  his  pamphlet  on  The  Connection  between 
Geology  and  the  Pentateuch  (published  in  1883). 

A  man  of  powerful  intidlect,  but  a  reckless  busybody.  Bold  and 
aggressive,  he  ***  walked  roughshod  over  men's  opinions  and  suflEered 
the  inevitable  consequences."'  His  personal  appearance  must  have 
been  as  peculiar  as  his  conduct.  ''He  was  less  than  5  feet  high  and 
his  head  was  the  biggest  part  of  the  whole  man.  He  was  a  perfect 
taper  from  the  side  of  his  head  down  to  his  feet.  He  looked  like  a 
wedge  with  a  head  on  it,"  is  the  way  it  is  expressed  by  one  of  his  old 
pupils. 

The  credulity  of  even  the  scientific  men  of  this  date  (1822)  can  not 

be  better  illustrated  than  by  referring  to  an  account  by  Schoolcraft  of 

the  finding  of  supposed  human  footprints  in  limestone  belonging  to 

the  ^'••Secondary '' fonnation  (Lower  Carboniferous), 

footprints  in  on  the  west  bank  of  the  Mississippi  River  at  St.  Louis. 

limestone,  1822.  ,^,  n     i  #.  •/>»-.  ^  j  -i     j 

Ihese  so-called  footpnnts  (seeng.  14)  were  descnt)ed 
as  those  of  a  man,  standing  erect,  with  his  heels  drawn  in  and  his  toes 
turned  outward.  The  distance  between  the  heels  by  accurate  measur- 
ment  was  6i  inches,  and  between  the  toes  13i  inches.  Attention  was 
called  to  the  fact  that  the  impressions  were  not  those  of  feet  accus- 
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tomed  to  a  close  shoe,  the  toe.s  being  too  much  spread  and  tlie  foot 
flattened.  The  length  of  the  foot  was  lOi^  inches,  width  across  the 
spread  toes  4  inches,  and  at  the  swell  of  the  heels  2^  inches.  Public 
attention  was  first  called  to  these  prints  by  the  Rev.  Frederick  Rapp, 
the  head  of  the  religious  sect  "  Harmon ites,"  who  had  them  removed 
to  his  village  of  Harmony,  and  who,  it  is  said,  taught  that  they  were 
the  impressions  of  the  feet  of  the  Saviour. 

According  to  Schoolcraft,  ever}^  appearance  warranted  the  conclu- 
sion that  the  impressions  were  made  at  a  time  when  the  rock  was  soft 


Pig.  14.~RiippoHed  human  footprints  in  limestone.    (After  D.  D.  Owen.) 

enough  to  receive  them  by  pressure,  iind  the  marks  of  the  feet  were 
natural  and  genuine.  In  this  o])inion,  he  stilted,  (iovernor  Cass  coin- 
tided.  He  acknowledged,  however,  there  were  difficulties  in  the  wa}' 
of  accepting  this  belief,  and  one  of  these  was  the  want  of  tracks  lead- 
ing to  and  from  them.  He  could  only  account  for  this  on  the  suppo- 
sition that  the  toe  prints  might  have  pointed  inland,  ^'in  which  case  we 
should  be  at  liberty  to  conjecture  that  the  person  making  them  had 
landed  from  the  Mississippi  and  proceeded  no  farther  into  the  interioB." 
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Col.  Thomas  H.  Benton,  of  Missouri,  to  whom  Schoolcmft  wrote 
concerning  the  footprints,  differed  with  him  and  regarded  them  as 
artificial,  but  his  reasons  therefor  were  not  sufficient  to  convince 
Schoolcraft. 

The  matter  was  brought  up  again  by  David  Dale  Owen  in  1842 
in  an  article  entitled  Regarding  Human  Footprints  in  Solid  Lime- 
stone, which  appeared  in  the  American  Journal  of  Science  of  that 
date.  Owen  here  described  the  appearance  of  the  tracks,  and  quoted 
the  opinions  of  Maclure,  Troost,  Sa}',  and  Lesueur  to  the  effect  tliat 
they  were  of  artificial  origin.  The  English  paleontologist,  Mantell, 
was,  however,  inclined  to  the  opinion  of  Schoolcraft.  Owen  himself 
regarded  the  tracks  as  artificial  for  essentially  the  same  reasons  as 
those  advanced  by  Benton,  to  the  effect  that,  first,  the  footprints  were 
not  continuous,  but  isolated;  second,  this  was  but  a  solitary  instance 
of  human  footprints  in  solid  limestone;  thiixl,  he  could  not  conceive  of 
the  sudden  consolidation  of  compact  limestone  after  having  received, 
while  in  a  plavStic  state,  such  impressions;  and,  last,  because  of  the  age, 
nature,  and  position  of  the  rock,  and  because  no  human  remains  had 
hitherto  been  discovered  in  any  similar  formation.  He  regarded  them 
as  having  been  carved  by  aborigines  with  stone  implements.  In  this 
he  was  doubtless  correct. 

Of  interest  at  this  time,  as  bearing  upon  the  subject  of  faulting  and 
displacement,  is  a  paper  in  the  American  Journal  of  Science  by  D.  H. 
Barnes,  containing  a  geological  section  of  the  Canaan  Mountains  in 
Connecticut,  together  with  observations  on  the  soils 
Srfauitin?!??!!?]^  ^f  ^^^  region.  In  the  explanation  of  his  section, 
beginning  at  the  bottom,  the  beds  are  described  as 
(1)  clay  loam  with  bowlders;  (2)  transition  limestone;  (3)  white  quartz, 
grading  on  one  side  into  limestone  and  on  the  other  into  clay  slate; 
(4)  slate;  (5)  graywacke  slate.  The  strata  then  repeat  themselves  in 
the  same  order,  the  gray  wacke  slate  forming  the  summit  of  the  knob. 
The  entire  formation  is  described  as  appearing  ''to  have  been  broken 
off  from  the  primitive  tract  on  the  east  of  it,  and  to  have  sunken 
down  about  one  thousand  feet  perpendicularly."  Regarding  the  beds 
and  their  associations  on  Hancock  Mountain,  he  concluded  that  the 
strata  on  the  top  of  the  mountains  might  be  considered  as  origin- 
ally parts  of  the  same  bed  now  at  the  base  of  Canaan  Mountain, 
whence  they  had  "been  disrupted  !)y  some  mighty  force,"  the  eastern 
part  remaining  firm,  while  the  western  settled  down  to  its  present 
position.  Referring  to  Maclure's  map,  he  found  that  the  two  forma- 
tions discussed  "butt  against  each  other  in  a  line  nearly  straight  for 
more  than  300  miles."  This  he  ac<*ounted  for  by  supposing  ''that 
some  mighty  convulsion  has  rent  asunder  the  continent  from  the  St 
Lawrence  to  the  ocean,"  though  what  this  force  may  have  been  he 
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left  for  others  to  decide.  He,  however,  thought  it  probable  that  it 
operated  from  beneath,  "and  that,  after  it  had  o|)ened  for  itself  a 
vent,  and  escaped  through  the  rift  caused  by  its  action,  the  rock 
strata  of  the  western  part  fell  into  the  cavity  which  had  previously 
contained  the  Imprisoned  agent." 

In  1823  Dr.  John  J.  Bigsby,  a  surgeon  of  the  British  army  sta- 
tioned in  Canada,  read  before  the  Geological  So<!iety  of  L«ondon  a 
paper,  subsequently  published  in  their  transactions,  on  the  (Jeology 
and  Geography  of  Lake  Huron.  He  noted  that  tlie 
2Sl!55'*i8i3^ '"  rocks  of  the  north  shore  of  the  lake  were  mainly  primi- 
tive—granite, gneiss,  basanite — quartz  rock,  conglom- 
erate, and  greenstone.  The  other  shores  were  described  as  occupied 
by  secondary  rocks,  frequently  fossiliferous,  which  he  regarded  as 
forming  part  of  an  immense  Imsin,  which,  "extending  probably 
without  interruption  from  the  southern  shore  of  Lake  Winnipeg, 
spreads  itself  over  the  greater  part  of  lakes  Superior,  Huron,  and 
Simcoe,  the  whole  of  lakes  Michigan,  Erie,  and  Ontario,  much  of  the 
western  part  of  the  State  of  New  York,  the  whole  of  the  States  of 
Ohio,  Illinois,  Indiana,  and  Michigan,  and  the  rest  of  the  valley  of  the 
Mississippi."  On  Thessalon  Island  was  found  a  new  species  of  Ortho- 
orratite^  which,  though  described  and  figured,  was  not  named.  Drum- 
mond  Island  yielded  also  corals  and  a  trilobite — AmphuH pJatycephaJm^. 
Naturally  no  attempt  was  made  to  determine  the  relative  age  of  the 
rocks  by  means  of  these  fossils. 

In  the  year  following,  Doctor  Bigsby  had  an  article  in  the  Annals 
of  the  Lyceum  of  Natural  History  (New  York)  on  the  geology  of 
Montreal.  He  described  the  lowest  rock  of  the  region  as  a  trap  of  a 
kind  unique  in  the  Canadas,  and  illustrating  'Sn  a 
SlKntMS^isSf!*''' ^>®*^^if "'  manner  the  affinit}^  existing  between  the 
formation  of  which  it  is  a  member  and  the  primitive 
class  in  general." 

A  horizontal  shell  limestone  of  a  bluish-black  color  he  noted  as 
forming  the  floor  of  the  plain  surrounding  the  hill  on  which  the  city 
stands,  and  through  this  hill,  as  a  center,  the  passage  in  all  directions 
of  a  lai*ge  number  of  trap  dikes. 

The  sandstone  of  St.  Ann's  he  rightly  described  as  underlying  the 
limestone,  and  noted  the  presence  of  fossil  Z//?<////^,  Trrehrntuh^, 
Trilofntef<^  and  Orthoceratites. 

In  the  consideration  of  the  sands  and  gravels  constituting  the  so- 
called  alluvial,  he  followed  the  trend  of  opinion  of  his  time,  regarding 
them  as  products  of  the  vast  inland  seas  which  succeeded  the  deluge. 

The  coastal  plain  of  the  Eastern  United  States,  which  up  to  this 
time  had  been  studied  in  detail  only  b^^  Maclure  and  H.  H.  Hayden, 
was  in  1823  made  the  subject  of  a  special  essay  by  John  Finch,  then 
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professor  of  K^olog}'  aud  mineralogy  in  Birmingham,  England.     This 
appears  to  have  been   the  first  attempt  at  a  subdi- 

Pinch's  Subdivision       \\  ^       i         rr.        .  ^  .  ,       1     .  .         .  , 

of  the  Tertiary.  vis^on  of  the  Tertiary  deposits  and  their  scientitic 
correlation,  and  was,  beyond  question,  the  most  impor- 
tant contribution  to  the  stratigraphy  of  the  region  that  had  thus  far 
api)e>ared. 

From  an  examination  of  all  available  data,  avS  well  as  from  a  per- 
sonal inspection  of  a  part  of  the  area.  Finch  was  led  to  conclude  that 
this  formation,  as  existing  in  America,  was  identical  and  contempora- 
neous with  the  newer  Se<5ondary  and  Tertiary  formations  of  Europe 
and  other  countries. 

In  this  same  year  Finch  gave  also  a  short  sketch  of  the  geology  of 
the  country  near  Easton,  Pennsylvania,  his  paper  being  accompanied 
by  a  small  colored  map  and  catalogue  of  minerals.  According  to 
J.  P.  Lesley,  this  was  the  first  paper  on  the  geology  of  Pennsylvania 
to  appear  in  the  pages  of  the  American  Journal  of  Science. 

The  paper  on  the  coastal  plain,  above  noted,  is  by  all  means  the 
most  important  of  Finch's  geological  publications,  though  in  the 
American  Journal  of  Science  for  1826  he  had  a  brief  ''Memoir*' 
(3i  pages)  on  the  red-brown  sandstones  of  the  Connecticut  Valley  and 
New  Jersey,  where  he  expressed  the  opinion  that  such  should  be  con- 
sidered as  belonging  to  the  new-red  or  variegated  sandstones  of  Europe* 
mther  than  to  the  old-red,  as  contended  b}^  some.    In  this  he  was  right . 

In  1823,  too,   Denison  Olmsted,   ''a  Connecticut  school-teacher/' 

was  authorized  by  the  president  of  the  State  l)oard  of  agriculture  of 

North  Carolina  to  make  a  geological  survey  of  the  State.     This  act  is 

sometimes  referred  to  with  sectional  pride  as  beinff 

Olmsted's Woriclii      ^,       ,,      ^  j      ..    ,  j        o^  x  -  n 

North  Carolina.         the  hrst  survcy  Undertaken  under  State  auspices." 

Olmsted's  first  report,  a  pamphlet  of  44  pages, 
appeared  under  date  of  1824  and  was  mainly  of  an  economic  character, 
dealing  only  with  the  distribution  in  the  State  of  such  substances  as 
graphite,  gold,  coal,  and  building  stones. 

His  second  report  appeared  in  1827,  but  bore  on  the  title-page  the 
date  1825.  He  naturally  dwelt  upon  the  agricultural  possibilities  of 
the  country  and  the  suitability  of  its  limestones  and  marls  for  ferti- 
lizing purposes.     Some  space  was  devoted  to  the  great  slate  formation  ^ 

«The  work  of  I^aton  in  New  York  in  1824  was  the  first  sufficiently  thorough  and 
systematic  suney  to  }>e  dignifie<l  as  a  pet)logical  survey,  though  as  this  was  done 
under  the  patronage  of  Hon.  Stephen  Van  Rensselaer,  it  can  not  be  considereil  a 
public  survey.  To  Massachusetts  credit  must  l)e  given  for  the  first  geological  survey 
made  at  the  exj)ense  of  the  State,  the  same  being  begun  under  the  direction  of  Rev. 
Fxiward  Hitchcock  in  18:W.     (See  p.  307.) 

fr Olmsted's  great  slate  formation  lies  west  of  and  parallel  with  the  freestone  coal 
formation  (Triassic)  occupying  more  or  less  of  the  counties  of  Person,  Orange, 
(^hatham,  Randolph,  Montgomery,  Cabarrus,  Anson,  and  Mei-klenburg  and  corre- 
sjKjnds,  therefore,  to  the  Huronian  of  Kerr  and  recent  workers.  ^r\0(TTr> 
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and  it«  iiu'ludwl  rocks  and  minerals.  He  noted  that  the  '*  whole  sec- 
tion of  country  from  the  great  slate  formation  to  the  Blue  Ridge"  is 
granitic,  containing  numerous  subordinate  formations,  such  as  mica- 
slate  and  greenstone,  with  l)eds  of  iron  ore,  etc.,  and  described  with 
some  detail  the  Natural  Wall  of  Rowan,  which  was  supposed  by  early 
observers  (see  p.  ii55)  to  be  the  work  of  human  hands,  but  whic^h  he 
rightly  ascribed  to  the  natural  jointing  and  decomposition  of  a  basic 
igneous  rock.  The  '*•  peculiar  assemblage  of  rocks  that  cross  the  Dan 
River  at  Buckingham"  he  classed  as  tmnsition. 

In  his  *'  conclusion"  he  remarked  that  ''  the  rocks  are  not,  as  in  most 
other  countries,  particularly  New  England,  exposed  on  the  surface,  but 
are  very  genei-ally  concealed  by  a  thick  covering  of  cla}^  and  sand." 
This  he  rightly  regarded  as  having  resulted  from  the  decomposition  of 
the  rocks  themselves,  and  not  due  to  a  deluge  of  waters,  ''as  might 
at  first  be  thought." 

Olmsted  was  not  primarily  an  investigator.  He  himself,  as  we  are 
informed  by  his  biographer,  always  regarded  it  as  his  more  appro- 
priate sphere  of  effort  not  so  much  to  culti- 
vate science  as  to  teach  and 
Sketch  of  Olmsted,  diffuse  it.  Graduated  at 
Yale  in  1813,  and  for  a  time 
employed  as  tutor  there,  he  in  1817  was 
appointed  to  the  chair  of  chemistry  in  the 
University  of  North  Carolina.  While  here 
he  conceived  the  idea  of  a  State  geological 
and  mineralogical  survey  and  laid  the  plan 
before  the  board  of  internal  improvements 
in  1821,  with  the  offer  to  himself  perform 
the  entire  work  gratuitously,  asking  onlv 
an  appropriation  of  $100  (to  be  afterwards 

renewed  or  not  at  the  pleasure  of  the  board),  p,,,  is.^Denison  oimst,.i. 

to  defray  his  necessary  expenses  in  traveling. 

This  proposition  was,  however,  declined,"  only  to  be  renewed  a  year 
or  two  later,  with  the  result  that  in  1823  the  assembly  authorized  the 
board  of  agriculture  to  have  such  a  survey  made  and  appropriated  the 
sum  of  $250  a  year,  for  a  period  of  four  years,  to  carry  it  out.     The 

o  Referring  to  thia  failure  to  secure  assistance,  Olmsted,  under  date  of  Jauuar/9, 
1822,  wrote  to  a  friend:  "But  the  Legislature  (the  Senate,  I  mean)  ha«,  it  g«eem8, 
saved  me  any  trouble  on  their  account.  I,  however,  feel  most  highly  gratified  and 
greatly  encouraged  at  the  handsome  manner  in  which  my  proposition  was  treated  by 
the  Board  of  Improvement;  and  the  readiness  with  which  the  resolution  wan  adopted 
by  the  Commons  inspires  the  hope  that  something  may  yet  l^e  accomplished  at  the 
public  expense.  But  my  feelings  are  too  much  interested  in  this  project  to  yield  to 
this  failure;  I  hope  to  do  something  by  my  own  exertions  next  summer,  and  tnij^t 
the  hospitality  of  the  people  of  the  State  will  make  amends  for  my  jK^verty.  If  I 
can  live  (as  I  think  I  can)  on  the  charity  of  the  people,  I  donH  know  what  needi^> 
shall  have  of  the  public  money;  for  Mr.  M says  he  will  len(i  ine'a  horse^^i^ 
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work  thus  inauj^urated  was  interrupted  in  1825  by  his  call  to  the 
professorship  of  mathematics  and  natural  philovsophy  in  Yale  College, 
but  was  taken  uj)  again  almost  immediately  b}^  Dr.  Elisha  Mitchell 
and  continued  for  two  years  longer  (see  p.  285). 

The  mental  breadth  of  Olmsted  is  shown  in  the  fact  that  while  occu- 
pying this  position  at  Yale  he  prepared  in  1831  a  two-volume  work  on 
natural  philosophy,  a  text-book  on  astronomy  in  1839,  and  became 
well  known  throughout  the  scientific  world  through  his  papers  on 
meteoric  showers  and  the  zodiacal  light. 

Of  his  personal  character  it  is  written: 

His  uniform  kindness  and  courtesy  of  demeanor  and  patience  in  imparting  instruc- 
tion, the  excellent  moral  influence  which  he  always  exerted,  as  well  by  his  consistent 
Christian  example  as  by  his  personal  counsels,  the  genuine  friendliness  of  his  disiXJsi- 
tion,  and  the  unaffected  interest  which  he  always  manifested  in  the  welfare  of  his 
pupils — especially  the  readiness  and  fidelity  with  which  he  encouraged  and  assisted 
any  who  exhibite<l  special  fondness  for  the  studies  of  his  department — will  not  soon 
be  forgotten  by  those  who  enjoyed  the  benefit  of  his  instructions,  and  especially  by 
those  who  were  admitted  to  his  closer  friendship. 

In  this  same  year  Edward  Hitchcock  published  in  the  American 

Journal  of  Science  a  sketch  of  the  geology,  mineralogy,  and  scenery 

of  the  regions  contiguous  to  the  Connecticut  River,  the  same  being 

accompanied  by  a  colored  geological  map  embracing 

of  the  Region  an  area  some  30  miles  broad  by  150  miles  in  length. 

Contiguous  to  the        _,,  ,,  ii.n»i.^i  i 

Connecticut  River,  ihc  colormg  and  classitication  of  the  rocks  were  not 
strictly  Wernerian,  as  might  have  been  expected,  but 
an  attempt  was  made  *•'  to  give  every  particular  rock  that  position  and 
extent  on  the  map  which  it  actually  occupies  on  the  earth's  surface." 
The  paper  was  devoted  mainly  to  a  discussion  of  the  lithological  nature 
and  geographic  distribution  of  the  various  rocks,  which  were  classed 
as  granite,  gneiss,  hornblende  slate,  mica  slate,  talcose  slate,  chlorite, 
syenite,  primitive  green  slate,  argillite,  limestone,  verd-antique,  old- 
red  sandstone,  vsecondary  greenstone,  coal  formation,  and  alluvion. 
Incidentally  he  discussed  their  possible  origin  and  relationship. 

The  granite  he  described  as  occurring  in  beds,  and  regarded  it  a.s 
primitive,  along  with  the  gneiss,  mica  slate,  and  the  greenstone  to 
the  west  of  New  Haven,  while  that  to  the  north  and  east  was  thought 
to  be  secondary.  The  argillite  was  also  regarded  as  primitive,  on  the 
ground  of  its  being  highly  inclined  and  destitute  of  organic  remains. 
The  red-brown  sandstone  now  known  to  be  of  Triassic  age  he  con- 
sidered as  the  old-red  sandstone  of  Werner  and  Cleaveland,  but  dis- 
cussed the  possibility  of  a  part  of  it,  as  at  Chatham  and  Middletown, 
belonging  to  the  coal  formation. 

He  chronicled  the  finding  in  this  sandstone  at  Deertield  of  petrifac- 
tions belonging  to  the  genus  phytoUte  and  to  the  species  lignite^  and 
agreeing  with  the  petrifactions  found  in  theCat.skill  red  sandstones  by 
Eaton  and  referred  to  ^'the  tribe  of  Naked  Verme^^"^^^|!yQ^il^l)pn^§^of 
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an  aniuial  some  5  feet  in  length  were  also  mentioned  as  having  been 
found  in  this  sandstone  at  East  Windsor/' 

The  year  following  Prof.  Chester  Dewey  came  forward  with  a  paper 
in  the  same  journal,  A  Sketch  of  the  Geology  and  the  Mineralogy 
of  the  Western  Part  of  Massachusetts.  This  was  likewise  accom- 
Dewey  on  the  panied  by  a  hand-colored  geological  map  designed  as  a 

MMMKhaL^uT*™  continuation  of  Hitchcock's  and  carrying  the  field  of 
*®^-  observation  as  far  west  as  the  Hudson  River. 

Working  from  the  Hudson  River  eastward,  he  found  a  belt  of  transi- 
tion argillite  sucxjeeded  by  a  broad  belt  of  gi'aywacke  with  included 
areas  of  the  argillite;  this  followed  by  another  continuous  belt  of  the 
same,  and  then  one  of  transition  limestone  and  a  narrow  one  of  primi- 
tive argillaceous  slate  directly  along  the  border  line  of  New  York  and 
Massachusetts.  Beyond  this,  in  Massachusetts,  a  broad  belt  of  prim- 
itive limestone  with  included  areas  of  mica  slate,  quartz  rock,  and 
transition  shell  and  compact  limestone,  which  still  farther  to  the  east 
became  the  predominant  rock,  with  a  narrow  area  of  gneiss,  a  small 
one  of  granite,  and  one  of  talcose  slate. 

The  most  pretentious  piece  of  fieldwork  accomplished  by   Amos 

Eaton  was  that  done  under  the  direction  of  the  Hon.   Stephen  Van 

Rensselaer  in  1824,  and  comprised  a  geological  and  agricultural  survey 

of  the  district  adjoining  the  Erie  Canal.     The  results 

Eaton's  8«n^ey  of  -„.  ii-ij*  ^i  ^ 

tbe  Brie CwMi,  of  this  survcy  wcre  published  in  a  quarto  volume  of 
163  pages,  which  was  accompanied  by  a  geological  sec- 
tion extending  from  Albany  to  Lake  Erie,  and  one  by  Edward  Hitch- 
cock from  Boston  to  Plainfield,  the  two  combined  enabling  Eaton  to 
give  a  continuous  section  all  the  way  from  Lake  Erie  to  the  Atlantic 
Ocean  at  Boston  Harbor. 

To  judge  from  the  introductory  remarks  in  this  report,  Eaton  had 
been  accused  of  a  disposition  to  create  new  names.  He,  therefore, 
here  announced  that  he  had  made  use  of  European  names,  so  far  as 
possible,  but  had  found  at  least  five  distinct  and  continuous  strata, 
none  of  which  could,  with  any  propriety,  take  a  name  given  in  any 
European  treatise  which  had  thus  far  reached  this  country. 

He  found  along  the  line  of  the  canal  rocks  belonging  to  the  prim- 
itive, transition,  and  secondary  series.  All  these  were  described  in 
considerable  detail,  but  almost  wholly  with  reference  to  their  litho- 
logical  features.  When  fossils  occurred,  such  were  noted,  but  were 
not  utilized  as  aids  to  correlation. 

The  prevalent  ideas  on  chemical  geology  are  well  brought  out  in 
certain  parts  of  his  discussion.  He  recognized  the  fact  that  many  of 
the  vallevs  were  excavated  in  the  softer  and  more  soluble  rocks,  like 


« These  bones  were  at  first  thought  to  \ye  possibly  human,  Init  the  finding  of  evi- 
dences of  a  tail  at  least  5  feet  in  length  caused  the  abandonment  of  this  idea!  (Amer- 
ican Journal  of  Science,  III,  1821,  p.  247.)  r^r\r\n]f> 

*^  Digitized  by  VjOOQIc 


270  REPORT   OF   NATIONAL    MITSEUM,   IfKM. 

limestone,  and  that  carbonic  acid  holds  its  base  (the  liuie)  with  a  tenure 
more  feeble  than  that  of  the  common  acids;  consequently  he  argued 
that  when  muriatic,  sulphuric,  or  nitric  acid  comes  in  contact  with 
limestone,  it  is  immediately  decomposed. 

We  have  vast  quantitien  of  muriate  of  Hme  in  our  welly,  springs,  etc.,  which  in  a 
very  soluble  Halt.  If  nature  has  now,  or  fonnerly  had,  any  method  for  present- 
ing large  quantities  of  muriatic  acid  to  the  lime  rocks,  they  would  of  course  be 
reduce<l  to  that  soluble  salt  with  great  rapidity.  Lime  rocks  would  be  rapidly  dis- 
solved, leaving  valleys  between  those  rocks  which  are  subject  to  the  ordinary  disin- 
tegrating agent**  only.  The  valleys  of  Adams,  Williamstown,  Little  Hoosick,  etc, 
which  are  situated  on  limestone,  could  then  Ix?  satisfac^torily  explained.  If  the  com- 
mon opinion  that  the  ocean  has  stood  over  our  continent  be  received  as  true,  we 
have  only  to  ad<i  one  more  conjecture  to  make  out  the  requisite  supply  of  muriatic 
acid;  that  is,  we 'must  suppose  that  the  ocean  at  that  time  contained  an  excess  of 
that  acid. 

In  spite  of  admonitions  by  Van  Rensselaer,  Ekiton  insisted  in  indulg- 
ing in  a  theorizing  propensity,  although  he  would  not  acknowledge  it 
by  this  name,  claiming  that  he  but  traced  ''a  few  of  nature's  footsteps 
where  the  impressions  still  remain  entire."  Finding  large  and  small 
masses  of  what  he  designated  as  calciferous  sandstone,  metalliferous 
limestone,  and  graywacke,  which  properly  overlie  the  slate,  actually, 
as  he  thought,  embedded  in  it,  where  the  rocks  were  exposed,  as  at 
Cohoes  Falls,  he  would  argue  that  these  masses  fell  in  between  the 
slate  lamina)  while  the  latter  were  in  a  semi-indurated  state. 

Eaton  noted  the  probable  difference  in  age  between  the  red  sand- 
stones of  the  Connecticut  Valley  and  of  the  Catskill  Mountains,  which 
latter  he  rightly  considered  to  belong  to  the  old-red  or  Deronian  forma- 
tions. In  discussing  the  Saliferous  rock  occurring  near  Little  Falls 
and  extending  to  the  west  end  of  Lake  Ontario  in  upper  Canada,  and  its 
economic  importance,  he  was  disposed  to  argue  that  the  brine  springs 
issuing  from  the  same  were  what  he  called  'Hhe  daily  productions  of 
nature's  laboratory."  ''We  see,"  he  wrote,  ''the  sulphur  in  iron 
pyrites  taking  oxygen  from  water,  and  thereby  bei'oming  sulphuric 
acid;  we  then  see  it  uniting  with  magnesia,  which  is  diffused  in  rocks, 
and  thus  forming  Epsom  salts.  *  *  *  We  are  all  familiar,  too, 
with  the  process  of  nature  by  which  alum  and  copperas  are  made. 
Why  may  we  not  suppose  that  the  two  constituents  of  common  salt 
(nmriatic  acid  and  soda)  are  in  some  state  of  combination  in  the  rocks 
of  the  salt  district,  and  that  by  some  of  those  double  decompositions 
with  which  nature  is  perfectly  familiar  salt  is  produced  in  the  liquid 
stated  May  not  this  be  the  cause  of  the  superior  saltness  of  the  brine 
springs  of  Salina  over  those  foreign  springs  which  are  supposed  to 
proceed  from  the  solution  of  rock  salt?" 

It  was  in  this  work  that  Eaton  introduced  the  name  "Calciferous 
slate"  to  designate  the  slaty  rock  associated  with  gypsum  and  shell 
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limestone  occurring  as  the  principal  rock  forming  the  ridge  south  of 
the  land  from  Oneida  Creek  to  Pittsford.^ 

The  naturalist  Rafinesque,  as  might  have  been  expected,  did  not 
hesitate  to  express  himself  on  subjects  geological,  his  ideas,  however, 
being  a  strange  admixture  of  Wernerism  and  groundless  imagery. 
We  will  note  here  only  his  Annals  of  Kentucky,  which 
isSr*^'^******^'  appeared  in  Humphry's  history  of  that  State,  pub- 
lished in  1824,  where,  as  Doctor  Peters  has  succinctly 
remarked,  "  In  only  26  duodecimo  pages  he  gives  the  geological,  eth- 
nological, and  historical  annals  of  Kentucky  from  the  first  day  of 
creation,  according  to  Moses,  down  to  the  current  year.-' 

The  geological  history  of  the  State  he  divided  into  six  periods,  the 
first  being  that  of  a  general  inundation,  in  which  the  '^  briny  ocean 
covers  the  whole  land  of  Kentucky  and  the  United  States,  rising  above 
4,<XK)  feet  over  the  Cumberland  or  Sawioto  Mountains  and  5,000  feet 
over  the  limestone  region  near  Lexington."  The  Organ  and  Mexican 
mountains  alone  in  all  North  America  rose  alK)ve  the  water  level. 

Through  a  gradual  decrease  of  the  ocean  and  the  decomi)osition  and 
consolidation  of  its  waters  the  various  roi*k  strata  were  deposited  in 
the  following  order:  (1)  Limestone;  (2)  slate;  (3)  sandstone;  (4)  free- 
stone; (5)  grit;  (6)  pebblestone.  These,  he  stated,  were  not  always 
superincuml)ent  or  coexistent,  though  generally  horizontal  except  the 
last  four  toward  the  Cumberland  Mountains,  which,  having  probably 
a  granitic  nucleus,  have  compelled  the  incumbent  strata  to  become 
'"obliqual"  or  inclined  from  ten  to  thirty  degrees.  (In  this,  it  will 
be  noted,  he  showed  an  inability,  characteristic  in  his  day,  to  com- 

<»The  following  reference  to  this  nurvey  appeartnl  in  the  American  Journal  of 
Science,  IX,  1825,  and  will  serve  to  show  how  Eaton's  work  was  regarded  })y  his 
coil  temporaries.  The  note,  it  should  be  stated,  was  signed  C.  D.  (presumably 
Chester  Dewey) : 

**Mr.  Jeffrey,  the  principal  conductor  of  the  Edinburgh  Review,  has  obtained  the 
opinion  of  Professor  Buckland,  the  celebrated  author  of  the  Relh/uir  Diluvlanw 
(published  in  1823),  on  the  above  work  of  Professor  Eaton.  In  a  letter  to  the  Hon. 
S.  Van  Rensselaer  Mr.  Jeffrey  has  given  the  result.  Mr.  Buckland  says  that  the 
'author  seems  both  to  understand  his  subject  and  to  have  done  his  work  carefully.* 
The  work  contains,  indeed,  abundant  evidence  of  extensive  and  patient  examination. 
This  point  will  not  be  affected  by  the  adoption  or  reje<"tion  of  Mr.  Eaton's  j)eculiar 
views  by  our  geologists.  In  some  parts  there  is  an  evident  improvement  upon  some 
of  his  previous  publications  on  the  geology  of  our  country.  Thus,  at  page  31  and 
I>age  62  and  onward  we  find  introduced  'primitive  argillite,'  a  rook  ho  clearly  sepa- 
rated and  so  easily  distinguished  in  our  country  from  'transition  argillite,'  though 
both  are  united  under  the  same  name  by  Bake  well  and  some  others. 

**Mr.  Buckland  makes  some  objection  to  the  slf/le^  and  complains  of  Mr.  Eaton  for 
'affecting  some  needless  novelties  in  technical  language.'  However  true  this 
chaiige  may  be,  the  censun^  is  feeble  when  compared  with  the  commendation  con- 
tained in  the  previous  quotation.  In  our  country  the  work  has  been  censured  for 
this  fault,  and  more  |>articularly  for  the  introduction  of  nx-ks  or  localities  whi<-h  di> 
not  belong  to  the  district  which  is  described.     In  this  way  unity  is  not  preserved, 
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prehend  the  etfect  of  subsequent  uplift  in  tilting  rock  strata.)  By 
the  operation  of  submarine  volcanoes  during  this  period  the  strata  of 
coal,  clay,  and  amygdaloid  were  formed  and  intermixed  at  various 
intermittent  times  with  the  other  strata. 

During  the  second  period  the  Cumberland  Mountains  emerged  from 
the  sea,  the  waters  of  which  sank  to  a  level  of  1,50()  feet  above  those 
of  to-day.  The  formation  of  the  schistose  rocks  proceeded,  vegetation 
began,  and  streams  began  to  flow. 

During  the  third  period  the  level  of  the  water  was  reduced  to  1,100 
feet  and  all  the  table-lands  and  highlands  of  Kentucky  became  uncov- 
ered. An  inland  sea  still  covered  the  Ohio  limestone  basin,  extending 
from  the  actual  mouth  of  Sciota  River  to  that  of  Salt  River.  Land 
animals,  insects,  reptiles,  birds,  and  quadrupeds  were  created  during 
this  period. 

During  the  fourth  period  the  level  of  the  sea  was  reduced  to  700 
feet,  and  the  limestone  sea  of  Kentucky  drained.  Alluviums  and 
bottoms  began  to  form  in  the  valleys  and  gulfs  by  the  attrition  of  the 
strata  and  soil  conveyed  and  deposited  by  the  streams.  Sinks  and 
caves  in  the  limestone  region  were  formed.  Lastly,  Adam  appeared 
in  the  Garden  of  Eden.  This  fouith  period  of  Kentucky  history 
thereby  answered  to  the  sixth  day  of  the  general  creation. 

The  fifth  period  was  that  of  Noah's  flood,  though  Rafinesque 
acknowle<lged  he  failed  to  find  any  traces  of  such  a  violent  convulsion 
in  Kentucky.  The  ocean,  which  still  bathed  its  western  corner,  sub- 
sided to  alx>ut  300  feet  abov^e  its  present  level  and  abandoned  Ken- 

and  the  continuity  of  the  description  is  much  interrupted.  We  do  not  object  to  this 
in  that  part  of  the  work  entitled  *  General  Descriptionn  of  North  American  Roi'ks/ 
though  Home  have  said  that  these  can  hardly  l)elong,  in  a  general  view,  to  the  dis- 
trict of  the  canal.  But  in  the  'Description  of  rocks  in  the  vicinity  of  the  Erie 
Canal/  page  47,  the  fault  often  occurs.  We  mention  the  account  of  the  hornblende 
rocks  near  West  Point,  page  54;  of  granular  quartz,  pages  5<i,  57;  of  granular  lime- 
stone, pages  57,  5S,  and  many  others  which  are  not  found  near  the  line  of  the  canal. 
"  If  the  work  shouhi  pass  to  a  second  e<lition,  which  is  highly  probable,  and  even 
rendered  somewhat  necessary  to  make  it  as  complete  as  the  subsequent  examinations 
of  Professor  Eaton  enable  him  to  do,  and  as  the  light  thrown  on  the  subject  of  the 
newer  formatitms  by  the  very  able  work  of  Conybeare  and  Phillips  on  the  Geology 
of  England  and  Wales  setMus  to  reipiire,  we  would  suggest  as  an  improremei\t  of  the 
work  that  the  notices  of  rocks  which  are  not  found  along  the  line  of  the  canal  Ik* 
omitte<i  in  this  part  of  the  work,  or  l)e  reduced  to  the  bare  remark  that  they  do  not 
occur  in  the  district,  and  that  the  remarks  and  localities  of  rocks  in  other  parts  of 
the  country  be  taken  from  the  text  and  put  into  form  of  notes.  In  this  way  the 
continuity  of  geological  description  of  the  country  along  the  canal  will  be  unbroken. 
We  think  no  one  can  read  the  work  without  l)eing  sensible  of  its  interest  and 
importance  to  every  one  who  examines  the  rocks  of  this  district.  The  localities  are 
given  with  much  precision,  and  the  traveler  is  enabled  at  once  to  ascertain  the 
rocks  intende<l  by  the  names  which  Professor  E.  has  given  them.  It  were  to  be 
wished  that  the  common  nomenclature  of  the  rocks  had  been  altered  with  a  more 
sparing  hand." 
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tucky  forever.  Strata  began  to  consolidate,  ponds  and  marshes 
decreased,  animals  multiplied,  and  vegetation  overspread  the  soil. 

The  sixth  period,  that  of  Peleg's  flood,  was  one  of  catastrophe. 
Great  volcanic  eruptions  in  Europe  and  America,  with  awful  earth- 
quakes convulsed  the  Atlantic  Ocean.  During  this  period  the  Atlantic 
land  disappeared  leaving  only  the  volcanic  islands — Azores,  Madeira, 
Canary,  and  Cape  Verde — to  mark  its  position. 

It  will  be  remembered  that  in  1793  Benjamin  De  Witt  noted  the 
great  diversity  among  the  bowlders  along  the  shore  of  Lake  Ontario 
and  recognized  the  fact  that  such  must  have  been  conveyed  there  by 
some  extraordinary  means.  The  means  conceived  of 
vation  on  the  by  Dc  Witt  werc  indeed  extraordinary  and  nothing 

less  than  a  '' mighty  convulsion  of  nature."  Peter 
Dobson,  a  Connecticut  cotton  manufacturer,  writing  thirty-two  years 
later,  showed  himself  a  better  observer  and  more  gifted  in  powers  of 
deduction. 

In  a  letter  to  Benjamin  Silliman,  dated  November  21,  1825,^  Dobson 
described  bowlders  which  were  unearthed  at  Vernon,  Connecticut, 
while  excavating  preliminary  to  the  erection  of  a  cotton  factory,  as 
"  worn  smooth  on  their  under  side  as  if  done  by  their  having  been 
dn^ged  over  rocks  and  gravelly  earth  in  one  stead}^  position."  They 
also  .showed  scratches  and  furrows  on  the  abi-aded  parts.  He  could 
account  for  these  appearances  only  by  calling  in  the  aid  of  ice  along 
with  water,  the  blocks  having  been  worn  by  being  suspended  and 
carried  in  ice  over  rocks  and  earth  under  water. 

These  observations  seem  to  have  attracted  no  attention  at  the  time, 
and  even  Eklward  Hitchcock,  thirteen  years  later,  attached  no  serious 
importance  to  them,  although  his  attention  was  called  to  the  matter  by 
another  letter  from  Dobson,  this  time  addressed  to  Hitchcock  himself. 
In  this  second  letter,  written  in  1838,  Dobson  des<iribed  the  bowldei-s  as 
having  been  first  rounded  by  attrition  and  then  worn  flat  on  one  side 
by  a  motion  that  kept  them  in  one  relative  position,  as  a  plane  slides 
over  a  board  in  the  act  of  planing.  Some  of  them  he  describes  as 
worn  and  scratched  so  plainly  that  there  was  no  diflSculty  in  pointing 
out  which  side  was  foremost  in  the  act  of  wearing,  a  projecting  bit  of 
quartz  or  feldspar  protecting  the  softer  material  behind  it.  In  this 
letter  he  again  announced  his  inability  to  account  for  these  appearances 
except  on  the  supposition  that  the  boulders  had  been  enveloped  in  ice 
and  moved  forward  over  the  sea  bottom  by  currents  of  water.  The 
drifting  icebergs  off  the  Labrador  coast  he  thought  might  well 
illustrate  the  conditions  and  methods  of  their  production. 

Perhaps  it  may  have  been  because  Dobson  was  a  cotton  manufac- 
turer and  not  a  member  of  the  learned  profession,  or  then^  may  have 

"This  may  be  found  in  American  Journal  of  Science,  X,  1826. 
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been  other  reasons  for  it,  but  Ilitchcork  allowed  the  observations  to 
pass  unnoticed  until  1842  when  the  subject  was  brought  up  by 
no  less  an  authority  than  Murchison,  in  his  anniversary  address  before 
the  Geological  Society  of  London.  *'I  take  leave  of  the  glacial 
theory,"  said  Murchison,  ''in  congratulating  American  science  in 
having  possessed  the  original  author  of  the  best  glacial  theory,  though 
his  name  has  escaped  notice,  and  in  recommending  to  you  the  terse 
argument  of  Peter  Dobson,  a  previous  acquaintance  with  which  might 
have  saved  volumes  of  disputation  on  both  sides  of  the  Atlantic.'"*^ 
Supported  by  this  somewhat  enthusiastic  indorsement,  Hitchcock  then 
gave  the  letter  to  the  public  through  the  American  Journal  of  Science,* 
though  at  the  same  time  remarking  that  he  had  himself  derived  his 
ideas  concerning  the  joint  action  of  ice  and  water  from  the  writings 
of  Sir  James  Hall. 

April  25,  1823,  Maj.  S.  H.  Long  received  orders  from  the  War 
Department  to  make  an  expedition  for  a  geneml  survey  of  the  coun- 
try' in  the  vicinity  of  the  Great  Lakes  and  the  sources  of  the  Missis- 
sippi;   to  prepare  a  topographic  descnption  of  the 
Expedition,  same:  to  ascertain  the  latitude  and  longitude  of  all 

1823*1 825* 

the  remarkable  points;  to  investigate  its  productions, 
animal,  vegetable,  and  mineral,  and  to  inquire  into  the  characteristics 
and  customs  of  the  Indians.  The  route  of  the  expedition  (see  map, 
fig.  16)  beginning  at  Philadelphia,  was  through  Wheeling,  West  Vir- 
ginia, to  Chicago  by  way  of  Fort  Wayne;  thence  to  Fort  Crawford  and 
up  the  Mississippi  to  Fort  St.  Anthony,  and  the  source  of  the  St. 
Peters  River;  thence  to  the  i)oint  of  intc^rsection  between  Red  River 
and  the  forty-ninth  degree  of  north  latitude;  along  the  northern  bound- 
ary of  the  United  States  to  Lake  Superior,  and  thence  homeward  by 
the  Great  Lakes. 

Although  not  intended  primarily  as  a  scientific  survey,  it  was  accom- 
panied by  Thomas  Say,  zoologist,  and  William  H.  Keating,  mineralo- 
gist. It  was  expected  that  Dr.  Edwin  James,  who  with  Say  had  been 
a  member  of  the  expedition  of  1819-20,  would  l>e  a  member  of  this 
also,  but  through  failure  to  connect  with  the  party  at  Wheeling  or 
Columbus  the  expedition  was  deprived  of  his  services. 

An  account  of  this  survey,  under  the  title  of  Narrative  of  an 
Expedition  to  the  Sources  of  St.  Peters  River,  etc.,  was  prepared  by 
William  H.  Keating  and  published  in  two  volumes  in  London  in  1825. 
Keating,  it  should  be  noted,  was  professor  of  mineralogy  and  chemis- 
try as  applied  to  the  arts  in  the  University  of  Pennsylvania,  and 
though  his  published  notes  contain  little  or  nothing  along  the  broad 
lines  of  geology,  they  are  full  of  references  which,  at  the  time  they 
were  written,  were  of  value. 

«  Annivensitry  address,  Proceedings  of  the  (ieological  Society  of  London,  1842. 
&  Volume  XLVl,  1844.  ^  ^ 
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He  remarked  on  the  disappe^mnce  of  the  primitive  rocks  soon  after 
leaving  Philadelphia  and  the  appearance  of  the  transition  limestone, 


kiJlAi_ 


-^ 


I  X 


\\ 


with  occasional  protrn.sions  through  this  limestone  of  amphibolite. 
He  also  made  reference  to  the  red  sandstone  of  Pennsylvania,  New 
Jersey,  and  Maryland  and  the  calcareous  breccia  found  on  the  Potomac^ 
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River.  The  occurrence  of  a  white  niarble  near  Hagerstown  and  a 
secondary  blue  limestone  in  the  vicinity  of  Cumberland  was  noted,  and 
some  attention  given  to  the  coal  formations  in  the  vicinity  of  Cumber- 
land and  Wheeling.  He  noted  further  the  occurrence  of  a  limestone 
containing  organic  remains  lying  in  a  nearly  horizontal  position  in  the 
vicinity  of  Chicago,  but  no  superposition  being  visible,  he  was  unable 
to  determine  its  relative  age. 

Concerning  the  lead  ores  at  Dubuque,  and  their  apparent  occur- 
rence only  in  the  alluvial  soil,  he  wrote: 

From  the  specimens  which  we  have  seen,  *  *  *  we  can  not  hesitate  in  assert- 
ing it  as  our  opinion  that  no  lead  has  yet  been  discovered  on  the  Merrimeg  or  Miss- 
issippi in  metalliferous  limestones,  but  that  wherever  it  has  been  found  it  has  always 
been  in  an  alluvium  and  never  in  regular  veins  or  beds,  nor  even  in  masses  which 
might  be  considered  as  coeval  with  the  substances  in  which  they  are  embedded. 

The  Cambrian  sandstone  found  between  the  Wassemon  and  the  Wis- 
consin rivers  he  regarded  as  not  older  than  the  variegated  or  Bunter 
sandstein  of  Werner  (Triassic),  and  the  Lower  Silurian  limestone  which 
lies  above  the  sandstone,  as  corresponding  to  the  English  Lias.  The 
whole  region  comprising  the  headwaters  of  the  Winnipeek  River  was 
looked  upon  as  having  been  at  a  comparatively  recent  period  an 
immense  lake  interspersed  with  innumerable  barren,  rocky  islands, 
which  had  been  drained  by  the  bursting  of  the  barriers  which  tided 
back  the  waters.  The  innumerable  bowlders  which  he  found  covering 
the  valley  were  regarded,  as  were  similar  bowlders  in  other  places  by 
his  contemporaries,  as  due  to  the  flood  of  waters  caused  by  the  bursting 
of  these  natural  dams. 

This  was  plainly  a  recognition  of  the  extinct  glacial  Lake  Agassiz, 
later  described  by  Lieut.  G.  K.  Warren,"  and  the  history  of  which  was 
worked  out  in  detail  by  Warren  Upham. 

Keating's  ideas  as  to  the  possible  development  of  the  mining  industry 
were  not  of  the  most  advanced  type.  Referring  to  the  subject  of  the 
supposed  source  of  the  native  copper  reported  b}^  Schoolcraft  (p.  244), 
he  wrote: 

The  question  which  appears  to  us  of  far  greater  importance  is  not  where  the  copper 
lies,  but  what  shall  we  do  with  it  if  it  should  be  found.  We  are  very  doubtful 
whether  any  other  advantage  would  result  from  it,  at  least  for  a  c»entury  to  come, 
than  the  mere  ac^ldition  in  books  of  science  of  a  new  locality  of  this  metal. 

This  in  18251  The  development  of  the  Michigan  copper  mines 
began  about  1855,  and  up  to  1889  the  combined  mines  had  produced 
over  1,000,0(K),000  pounds  of  the  refined  metal.  The  output  for  1889 
alone  amounted  to  87,455,B75  pounds. 

In  a  Notice  of  Snake  Hill  and  Saratoga  Lake  and  its  Environs,  by 
Dr.  J.  H.  St^eK  in   the  American  Journal  of  Science  for  this  same 

"American  Journal  of  Science,  XV'I,  187H,  p.  417. 
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J.  H.  Steel  on 
Overturned  Folds 
1825. 


year,  is  tigured  and  described  what  is  evidently  an  overturned  fold. 

This  is  of  interest,  since  while  the  nature  of  the  fold  was  partially 
realized,  the  means  by  which  it  was  brought  about  was 
considered  as  problematical.  Similar  phenomena  had 
been  noted  by  Eaton  (p.  258)  and  by  Maclure,  but  with 

nothing  like  as  much  detail.     The  writer  says: 

It  is  impossible  to  examine  this  locality  without  being  strongly  impressed  with  the 
belief  that  the  position  which  the  strata  here  assume  could  not  have  been  effe<'ted 
in  any  other  way  than  by  a  power  oj)erating  from  l)eneath  upward  an<i  at  the  same 
time  possessing  a  progressive  force,  something  analogous  to  what  takes  place  in  the 
breaking  up  of  the  ice  of  large  rivers. 

The  continued  swelling  of  the  stream      ^^  _i     -— -—        --r- -- 

first  overcomes  the  resistance  of  its      ^  "~  ^^^  ^-.^^  ^- 

fmzen  surface,  and  having  elevated  ^==^1„  ^£J"^"^~  -       ^ 

it   to  a  certain  extent,  it  is  forced         ..^^-r7r=^==^        "g..  ■___,,  ■ ^■ 

into  a  vertical  position,  or  thrown       "^  -^—  -^^        '      "~  ^ 

over  upon  the  unbroken  stmtum  l)e- 
hind,  by  the  progressive  power  of  the 
current. 

If  it  can  be  admitted  that  theoi)er- 
ation  of  such  a  power  did  pnxiuce  the 
effect  here  representeii,  it  nmst  have 
taken  place  before  the  materials  of 
which  the  formation  is  composed  had 
paired  into  an  indurated  state,  as 
most  of  the  strata  remain  unbroken, 
and,  where  the  argil  lite  has  crum- 
bled away,  the  cur^•ed  part  of  the 
gray  wacke  may  be  taken  out  entire, 
and  some  of  them,  whic^h  1  now  have 
in  my  possession,  exhibit  indenta- 
tions and  protuberances,  particularly 
on  their  curved  surfaces,  evidently 
the  result  of  friction  while  in  a  plas- 
tic state.  ^  ^ _  ^  _ 

The  description  is  of  still  fur-      '^"  ~^ 

ther  interest  historically,  when 
considered  in  connection  with 
the  dispute  relating  to  priority  of  discovery  which  later  arose  l)etween 
Messrs.  Hitchcock  and  Rogers.     (See  p.  314.) 

The  fact  that  rock  strata  were  not  always  found  lying  even  approx- 
imately horizontal  had  been  often  noted,  but  no  rational  explanation 
suggested  or,  indeed,  attempted.  In  that  year,  however,  Maclure,  in 
noting  the  fact  that  the  Transition  rocks  dip,  suggested 
Ovmnmed  Poide.  the  possibility  of  its  being  caused  by  their  having 
been  ^'disposed  on  the  primitive,  concerning  which 
we  can  as  yet  scarce  conjecture  anything." 


Fio.  17.— Sections  of  Snake  Hill,  Saratoga  Lake. 
(After  J.  H.  Stet'l.) 
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The  appearance  in  l)ook  form  of  Prof.  Jeremiah  Van  Rensselaer's 

lectures  on  geology,  as  delivered  before  the  New  York  Athena?um  in 

1825,  gives  us  an  opportunity  of  judging  of  the  condition  of  science 

at  that  date,  such  as  was  offered  a  few  years  earlier  by 

Van  ReiiMelaer's  •         •  /-x  • 

Lectures  on  Geology,  MitchilTs  Observations. 

1825 

Van  Rensselaer  was  not  so  much  an  original  investi- 
gator as  a  student  and  teacher;  hence  the  inference  is  fair  that  his 
work  gives  us  a  summary  of  existing  knowledge  mther  than  the  details 
of  his  own  observations  or  his  individual  views.  He  reviewed  the 
opinions  of  the  eosmogonists  and  theorists  from  Burnett,  in  1680, 
down  to  Werner  and  Hutton,  and  referred  to  the  work  of  his  prede- 
cessors and  contemporaries  jn  America,  summing  up  with  conclu- 
sions condensed  from  Cuvier's  Observations,  to  the  effect  that,  first, 
the  sea  had,  at  one  period  or  other,  not  only  covered  all  our  plains,  but 
remained  there  for  a  long  time  in  a  state  of  tranquillity;  second,  that 
there  had  been  at  least  one  change  in  the  basin  of  the  sea  which  pre- 
ceded the  present  one;  third,  that  the  particular  portions  of  the  earth 
which  the  sea  had  abandoned  by  it«  last  retreat  had  been  laid  dry  once 
before  and  had  at  that  time  produced  quadrupeds,  birds,  plants,  and 
all  kinds  of  terrestrial  productions;  and  that  it  had  been  reinundated  by 
the  sea,  which  had  since  retired  and  left  it  to  the  possession  of  its  own 
proper  inhabitants.  These  facts,  which  had  been  proven  through 
geological  evidence,  he  regarded  as  supporting  the  accounts  of  Moses, 
both  agreeing,  first,  in  the  prevalence  over  everything  else  of  water 
at  the  time  of  the  creation;  second,  in  the  subsequent  separation  of 
the  land  from  the  water;  and,  third,  in  the  eruption  of  the  sea  over  the 
continent,  the  last  corresponding  to  the  Noachian  deluge. 

Van  Rensselaer  recognized  the  value  of  fossils  in  proving  the  iden- 
tity of  geological  horizons,  also  the  fact  that  organic  remains  have 
b(»en  deposited  in  successive  generations  and  in  such  order  that  those 
of  one  bed  bear  a  certain  connection  to  each  other  and  exhibit  certain 
distinctive  points  differentiating  them  from  those  of  earlier  or  later 
deposits,  and  that  the  greater  the  distance  between  the  deposits  the 
greater  the  difference  between  the  contained  fossils.  This,  I  believe, 
is  the  second  recognition  by  an  American  author  of  a  now  well-estab- 
lished principle. 

The  tendency  to  make  sweeping  generalizations  founded  upon  purely 
local  observations  is  noticeable  in  his  w  ritings,  as  in  those  of  many  of 
his  contemporaries.     Thus,  in  describing  the  gneiss: 

It  is  the  next  rock  to  granite  and  occurs  resting  or  lying  upon  it.  When  they  are 
both  neen  in  the  name  n)ountain  its  ledge  is  always  the  lower  of  the  two.  Mountains 
of  gneiss  are  seldom  so  steep  as  thoee  of  granite,  and  the  summits  are  not  quite  so 
peaked. 
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Or,  again,  in  writing  on  the  weathering  of  rocks: 

The  <leooiii position  of  granite  is  slow  and  when  (lefonipoHe<i  tfie  unfriemHysiliceous 
grains  are  easily  wa^^hed  away.  There  is  neither  vegeiahle  nor  animal  matter  in  the 
eomjjounil;  it  does  not  al)8orb  moist n re,  letting  the  moistnre  jiereolate,  nor  <loes  it 
retain  heat.  Tlie  soil  made  from  gneias  is  not  washed  away  so  easily,  and  the  mica 
yields  more  argillaceous  matter.  *  *  *  Micaceous  schist  arid  argillite  decompose 
more  rapidly  and  form  a  better,  though  not  a  good,  soil.  *  *  *  The  rivers  of 
primary  districts  have  rocky  beds  and  precipitous  banks,  etc. 

Van  Rensselaer  was  one  of  the  first  to  recognize  the  necessity  of 
exercising  c^re  in  the  selection  of  stones  for  building  purposes: 

We  take  our  materials  because  they  are  near  at  hand,  because  they  are  cheap,  and 
because  others  have  taken  the  same,  in  preference  to  searching  out  others  which 
*  *  *  are  more  durable.  Scarcely  any  one  building  in  Europe  or  America  of 
modern  construction  at  the  end  of  one  thousand  years  will  have  one  stone  left  upon 
another  stone  to  denote  the  place  where  it  stood,  and  the  most  splendid  works  of 
modern  architecture  are  even  now  hastening  to  decay  from  want  of  attention  to  this 
subject. 

His  remarks  on  anthracite  coal  offer  an  interesting  illustration  of  a 
disposition,  still  too  frequently  met  with,  to  make  the  observed  facts 
conform  to  preconceived  opinions.  Anthracite  or  native  mineral  car- 
bon, or  "'  blind  coal,"  he  wrote,  is  not  regarded,  strictly  speaking,  as  a 
coal,  though  combustible. 

It  occurs  in  the  primary  rocks,  and  hence  it  is  obvious  that  it  did  not  proceed  from 
the  decomposition  of  vegetable  substances,  since  it  is  generally  acknowledged  that 
the  primary  rocks  were  formed  previous  to  the  existence  of  vegetation. 

An  anal^'tical  key  or  a  synopsis,  given  with  a  view  of  facilitating 
the  study  of  geology,  is  of  particular  interest,  since  the  methods  of 
modern  petrography  have  shown  how  absolutely  impossible  it  is  to 
classify  rocks  by  a  simple  examination  of  the  hand  specimen  and  with- 
out the  aid  of  a  microscope.  It  is  difficult  to  imagine  a  student  in 
other  than  a  thorough  state  of  mental  demoralization  who  should 
attempt  to  identify  and  classify  rocks  from  such  a  description,  an 
abstract  of  which  is  given  below: 

SYNOPSIS  OF  THE  OVERLYIN(t  OR  SUPERINCUMBENT  ROCKS. 

FIRST  DIVISION. 

Simple,  or  apparently  so. 

A.  Wacke,  of  the  (ierman  school.  Resembles  indurated  clay,  with  an  even  and 
smooth  earthy,  or  an  uneven,  somewhat  granular  fracture,  and  a  shining  streak. 

a.  Compact. 

b.  Cellular;  but  generally  in  that  case  partly  amygdaloidal  and  appertaining  to 
another  division. 

B.  Indurated  clay,  more  or  less  hanl,  with  an  earthy  and  dull  frai'ture. 
a.  Compact. 

This  is  different  from  the  ferruginous  clays  found  often  with  the  trap  rocks,  which 
pass  into  jasper. 
h.  Cellular. 
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Like  var.  A,  6,  it  is  rarely  cellular  in  large  masses  without  also  containing  amyg- 
daloidal  nodules,  when  it  passes  to  another  division.  The  colors  of  this  variety  are 
usually  ash  or  gray  of  different  hues,  or  nKxiifications  of  red,  or  brown,  or  purplish 
black. 

The  prevalent  ideas  on  the  subject  of  earthquakes  at  this  time  may 
be  gleaned  from  a  paper  by  Dr.  Lsaac  Lea,  of  Philadelphia,  in  the 
American  Journal  of  Science  for  1825.  Lea  rejected  the  theories  put 
forward  in  1749  by  a  Doctor  Stukley  to  the  effect  that 
EtftbquiikM,  1826.  earthquakes  were  caused  by  lightning,  but  regarded 
them  as  the  effect  of  volcanic  eruptions,  though  at  the 
same  time  he  could  see  no  necessary  connection  between  the  electric 
discharges  of  volcanoes  and  the  earthquakes,  regarding  such  as  an 
effect  rather  than  a  cause. 

He  thought  that  there  were  strong  reasons  for  believing  a  consider- 
able portion  of  the  interior  of  the  earth  to  be  in  a  constant  state  of 
incandescence  and  that  there  were  l>eneath  the  surfa<*e  great  cavities 
or  channels  of  connection  between  one  volcano  and  another.  ''We 
must  admit,''  he  wrote,  '*'of  deep-seated  channels  of  connection 
stretching  from  one  portion  of  the  globe  to  the  others,  through  which 
the  explosive  gases  pass  with  an  instantaneous  motion,  accompanied 
by  a  i-umbling  or  terrible  noise  peculiar  to  earthquakes.''  In  this,  it 
will  be  noted,  he  followed  to  a  large  extent  the  teachings  of  Humboldt 
and  Newton.  These  channels,  he  thought,  had  connection  with  the 
sea,  basing  his  opinion  upon  the  fact  that  volcanoes  throw  up  salt 
water  and  fish;  moreover,  that  most  volcanoes  are  situated  near  the 
sea.  He  regarded  these  branching  channels  as  species  of  horizontal 
volcanoes,  their  roofs  and  walls  furnishing  material  which,  aided  by 
oxygen  supplied  by  the  influx  of  the  sea,  would  yield  the  necessary 
amount  of  combustible  matter  to  keep  up  the  earth's  internal  fire. 
To  the  possible  objection  that  rocks  in  themselves  would  not  burn,  he 
answered  that,  when  such  are  decomposed,  ''their  metallic  bases,  cal- 
cium, silicium,  aluminum,  magnesium,  etc.,  are  highly  incandescent." 

Four  years  later  (1829)  Maclure,  in  discussing  the  theories  of  Poulett 

Scrope,  took  exception  to  the  views  of  Lea,  though  he  failed  to  offer 

anything  satisfactory  in  return.      He  instanced   the  earthquake  of 

1811-12  in  the  Mississippi  Valley,  in  which  onlv  the 

Maclure*s Criticisms      ,,       .    ,   -  ,      ,  ^^       i-   .      i      i  ^  ^  i 

of  Scrope  and  Lea,  alluvial  formations  had  been  disturbed,  and  questioned 
if  such  could  not  have  been  caused  by  the  evolution  of 
elastic  gases  arising  from  the  fermentation  of  large  masses  of  vegetable 
matter  accumulated  in  the  beds.  If  such  were  the  case,  however,  he 
recognized  the  possibility  of  an  increase  in  the  frequency  of  earth- 
quakes as  fermentation  went  on.  Maclure  evidently  did  not  place  a 
great  amount  of  reliance  on  his  own  theories,  for  he  states,  in  referring 
to  sonic  of  the  ideas  advanced  by  Scrope:^  '"All  these  m)eculationsare 

"Scrope's  Thei)ry  of  Voh-aimes  appoartNl  in  1S25. /^^^^^^^T^ 
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Ebenezer  Emmons. 

state  Geologist  of  N»)rth  Carolimi. 
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out  of  the  reach  of  our  senses  and  can  be  accounted  only  as  amuse- 
ment" for  the  present. 

In  1826  there  appeared  a  Manual  of  Mineralogy  and  Geology, 
designed  for  the  use  of  schools  and  for  persons  attending  lectures  on 
these  subjects,  as  also  a  convenient  pocket  companion  for  travelers  in 
the  United  States  of  America,  the  same  being:  from 
of  MincrakMnr  and  the  pen  of  Dr.  Ebenczcr  Emmons,  destined  later  to 
act  a  very  important  part  m  American  geological  his- 
tory, but  at  that  time  newly  graduated  from  the  Rensselaer  Polytechnic 
Institute  at  Troy,  New  York. 

Emmons  at  first  studied,  and  later  practiced,  medicine,  but  in  1828 
removed  to  Williamstown,  where  he  had  been  appointed  lecturer  on 
chemistry.  During  the  years  1830-1837  he  also  served  as  junior  pro- 
fessor in  the  Rensselaer  Institute,  and  in  1836  was  appointed  one  of 
the  four  geologists  of  the  New  York  State  survey.  In  1842  he  became 
custodian  of  the  State  collections  at  Albany,  and  in  1843  engaged  in 
investigations  relating  to  the  agricultural  resources  of  the  State,  the 
results  of  which  were  published  during  the  period  184()-1854  in  the  form 
of  five  quarto  volumes.  In  1851  he  was  appointed  State  geologist  of 
North  Carolina,  a  position  which  he  retained  until  the  time  of  his  death. 

As  noted  elsewhere,  Emmons,  during  his  work  on  the  New  York 
State  survey,  became  involved  in  a  discussion  relative  to  the  so-called 
••Taconic  System,"  which  lasted  for  nearly  half  a  century  and  which 
undoubtedly  seriously  embittered  the  latter  days  of  his  life.  The  dis- 
pute, indeed,  became  at  times  so  harsh  that  Emmons  was  practically 
ostracized  by  the  scientific  fraternity. 

In  1851  he  published  a  pretentious  volume  on  North  American  geol- 
ogy, and,  in  connection  with  his  work  in  North  Carolina,  two  volumes 
on  the  agriculture  and  geology  of  the  State.  He  died  during  the  period 
of  the  civil  war,  and  his  papers  and  notes  are  said  to  have  become 
lost  in  the  unsettled  condition  of  the  country  which  followed. 

It  is  impossible  here  to  go  into  a  discussion  of  the  true  merits  of  the 
Taconic  controversy,  and  the  matter  is  reserved  for  a  separate  chap- 
ter. Hundreds  of  pages  of  printed  matter  have  been  published,  cov- 
ering a  period  of  nearly  fifty  years,  but  the  name  has  now  disappeared 
from  the  maps  and  is  only  of  historical  interest. 

Emmons's  Manual,  to  which  reference  is  above  made,  and  which,  as 
stated  in  the  title  page,  was  adopted  as  a  text-book  at  the  Rensselaer 
school  at  Troy,  was  a  small  duodecimo  volume  of  230  pages.  It  had 
the  distinction,  so  far  as  the  mineralogical  part  was  concerned,  of 
being  the  second  treatise  of  its  kind  written  by  an  American  and  for 
American  students,  being  preceded  only  by  Cleaveland's  Mineralogy, 
published  in  1816.  In  geology  it  was  preceded  by  the  works  of 
Cleaveland  in  1816  and  Eaton  in  1818. 
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Ill  Emmons's  work  the  minerals  were  all  included  in  four  classes, 
with  an  appendix  which  contained  those  minerals  of  which  but  little 
is  known.  The  classes  were  subdivided,  as  Cleaveland  and  others  had 
done  before  him,  into  orders,  the  orders  again  into  genera,  and  the 
genera  finally  into  species.  His  arrangement  of  classes  was,  how- 
ever, somewhat  different  from  any  of  his  predecessors.  Thus,  the 
first  class  included  those  minemls,  not  metallic,  which  are  oxidable  or 
which  are  compounds  whose  bases  are  oxidable.  It  comprised  native 
gases  and  liquids,  sulphur  and  carbon,  and  the  carbon  compounds, 
})ut,  singularly  enough,  no  mention  was  made  of  graphite. 

The  second  class  included  all  minerals  which  are  metallic  or  whose 
bases  are  metallic;  the  third  class  all  those  which  consist  of  an 
alkaline  or  earthy  base  in  combination  with  acids,  and  the  fourth 
those  which  consist  of  an  earth  or  are  compounds  of  earths  with 
variable  portions  of  alkaline  and  metallic  oxides.  In  the  seven  sec- 
tions into  which  this  last  class  was  divided  he  placed  quartz  in  all  its 
varieties,  siliceous  slate,  pumice,  o})sidian,  clinkstone,  a  large  number 
of  hydrous  and  anhydrous  silicates,  argillite,  wacke,  clay,  phosphates, 
etc*.  But  little  attention  was  given  to  crystallography,  and  '^silex, 
alumnie,  and  lime  are  considered  as  the  oldest  of  the  earths,  as  they 
enter  into  the  composition  of  the  primitive  rocks."  Altogether  297 
species  were  recognized,  44  of  which  were  mentioned  in  the  appendix 
as  little  known.  Many  of  these,  such  as  pumice,  obsidian,  wacke, 
etc.,  can  not,  of  course,  be  properly  considered  as  minerals.  In  spite 
of  this  unintentional  exaggeration,  it  is  interesting,  for  purposes  of 
comparison,  to  note  that  in  the  latest  edition  of  Dana's  Mineralogy 
(1S92)  824  species  were  recognized. 

The  part  of  Emmons's  work  devoted  to  geology  was  made  up  mainly 
of  a  ^'general  description  of  North  American  rocks."  The  classifica- 
tion adopted  was  the  same  as  that  used  by  Eaton  and  need  not  be  noted 
here  further  than  to  say  that  he  included  an  argillite  among  his  primi- 
tive as  well  as  transition  rocks,  while  Eaton  limited  argillite  to  the  tran- 
sition series,  though  rei-ognizing  the  possibility  of  a  primitive  form. 

Among  the  early  workers  in  stratigraphic  geology,  along  lines  laid 
down  by  Cuvier,  Brongniart,  and  their  successors,  mention  must  be 
made  of  (xerard  Troost,  born  in  Holland  in  1776  and  dving  in  Nash- 
ville, Tennessee,  in  1850.  Like  many  naturalists  of 
Work!  ?826"**  his  time  Troost  wa.s  a  physician.     He  studied  in  France; 

was  appointed  by  the  King  of  Holland  to  accompany, 
in  a  scientific  capacity,  a  naval  expedition  to  Japan.  He  was  captured 
and  imprisoned  by  English  privateei>i,  finally  returning  to  Paris.  He 
thence  took  passage  for  New  York  in  an  American  vessel  and  was  again 
captured,  this  time  by  a  French  privateer,  and  once  more  imprisoned. 
On  his  release  he  wont  again  to  Paris,  was  again  allowed  to  embark, 
and  in  1810  came  to  Philadelphia. 
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Gerard  Troost. 

state  Gec»logrist  of  Teiinessoe. 
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When  the  Philadelphia  Academy  of  Sciences  was  established  in  1812 
he  became  its  first  president,  holding  the  office  for  five  years,  when 
he  was  succeeded  by  William  Maclure.  Troost,  with  Owen,  Maclure, 
jinrt  others,  joined  the  communistic  society  at  New  Harmony,  Indiana, 
in  1825,  but  removed  to  Nashville,  Tennessee,  in  1827,  and  the  fol- 
lowing year  was  elected  professor  of  chemistry,  geology,  and  miner- 
alogy in  the  university  of  that  city.  In  1881  he  became  State  geol- 
ogist, holding  the  office  till  1839,  when  it  was  abolished.  Nine  reports 
were  made  during  his  time,  but  seven  of  which  were  published.  Prior 
to  going  to  Tennesseee  his  most  important  geological  work  was  a  survey 
of  the  region  about  Philadelphia,  the  same  being  done  and  the  results 
published  in  1826  under  the  patronage  of  the  Society  for  the  Promo- 
tion of  Agriculture. 

The  work  comprised  forty  small  octavo  pages  with  a  colored  map 
of  the  region  included  within  a  half  circle  north  of  the  Delaware 
River,  having  a  radius  extending  a  little  beyond  Chester,  i.  e.,  some 
I7i  miles.  As  ma}^  be  readily  supposed,  fully  three-fourths  the  area 
was  colored  as  gneiss,  with  narrower  bands  extending  in  a  general 
way  parallel  with  the  river;  in  the  northern  part,  of  primitive  clay- 
slate  and  of  limestone.  Between  the  gneiss  and  day-slate  was  a  short, 
narrow  belt  of  serpentine,  and  between  the  clay -slate  and  limestone  one 
of  eurite,  and  in  the  extreme  northeastern  portion  of  the  sheet  a  band 
of  transition  gmywacke.  Among  the  varieties  of  rocks  mentioned, 
in  addition  to  those  enumerated  and  comprising  subordinate  forma- 
tions, are  diabase  and  pegmatite.  The  eurite  was  described  as  occur- 
ring north  of  the  high  ridge  which  separates  the  limestone  from  the 
granitic  rocks  and  as  being  in  every  respect  similar  to  that  of  Penig, 
on  the  Erzgebirge.  '^I  was  delighted,"  he  wrote,  "at  meeting  this 
rock  for  the  first  time  on  this  side  of  the  Atlantic.  I  imagined  myself 
transported  to  the  Erzgebirge,  in  Saxony,  and  remembered  with 
renewed  pleasure  the  father  of  geology,  who  made  us  acquainted  with 
it."  More  than  half  of  the  paper  was  given  up  to  a  discussion  of  the 
physical  and  chemical  properties  of  the  soil,  as  might  be  expected 
when  its  date  and  the  auspices  under  which  the  work  was  done  are 
taken  into  consideration. 

In  the  Boston  Journal  of  Philosophy  for  the  same  year  the  ill-starred 

Prof.  J.  W.  Webster  gave  a  somewhat  detailed  account  of  the  geology 

of  Boston  and  vicinity,  describing  the  three  hills,  to  which  "Boston 

owes  its  ancient  name  and  so  much  of  its  picturesque 

Webster's  Account      .  .      ,,         .     .  i  .ii.ii  ^ 

of  the  Qeoio^  about  beauty,  as  bemg  composed  mainly  of  hard,  compact 
clay  with  gravel  and  bowlders.  Amister's  Hill  was 
described  as  composed  largely  of  clay -slate,  passing  on  the  north  into 
hornblende  slate,  the  latter  containing  veins  of  ''greenstone;"  and 
Prospect  Hill,  in  pai't  of  a  greenish  compact  feldspar,  which  passes 
into  clay-slate,  covered  toward  its  northwest  extremity  by  a  mass 
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of  trap.  ^^This  hill,''  he  wrote,  "exhibits  that  gentle  acclivity  and 
rounded  summit  so  common  in  the  transition  forniations  of  the  Wer- 
nerian  school.'' 

The  Medford  trap  (diabase)  he  noted  as  being  untit  for  architectural 
purposes,  owing  to  its  rapid  disintegration,  a  fact  which  has  been 
many  times  commented  upon  in  more  recent  years.  The  tendency 
manifested  by  the  "greenstone"  as  a  whole  to  exfoliate  in  bawlder 
forms  with  concentric  structure,  he  correctly  ascribed  to  weath^^ring, 
as  did  Gibson  writing  several  years  earlier  (p.  254). 

He  noted  the  occurrence  of  abundant  joints  in  the  conglomerate  of 
Dorchester,  but  considered  such  as  inexplicable  with  the  geological 
information  then  available.  An  interesting  light  is  thrown  upon  the 
lack  of  knowledge  of  the  chemical  composition  of  rocks  at  that  time 
in  the  continuation  of  his  paper  the  following  year,  in  which  he 
"  described  this  conglomerate — a  highly  siliceous  rock — as  passing  into 
the  overlying  melaphyr,  a  basic  igneous  rock.  In  sev^eral  places 
within  the  town  of  Brighton  ho  thought  to  note  the  transition  from 
one  rock  type  to  another." 

In  the  American  Journal  of  Science  for  1827  Alanson  Nash  pre- 
sented his  first,  last,  and  only  geological  paper  that  seems  to  have 
found  its  way  into  print — this  relating  to  the  lead  mines  and  veins  of 
Hampshire  County,  Massachusetts — and  offered  some 
Pora«5oii!*i8*:&y**"  interesting  speculations  as  to  their  origin. 

That  they  were  not  once  open  fissures  filled  from 
above,  the  fissures  themselves  being  formed  by  the  unequal  subsidence 
of  the  earth's  crust  or  through  shrinkage  caused  by  desiccation,  accord  • 
ing  to  the  Neptunian  theory,  was  to  him  evident  for  the  following 
reasons:  If  the  cavities  were  formed  b}^  desiccation  and  subsidence  the 
veins  would  be  widest  at  the  surface  and  narrow  as  they  descend, 
whereas,  in  fact,  the  very  reverse  is  the  case.  If  filled  from  above  by 
mineral  solutions  which  covered  the  globe,  then  he  thought  we  ought 
to  find  beds  of  metallic  matter  in  the  valleys  and  plains  also.  Neither 
was  he  disposed  to  accept  the  views  of  the  Plutonists,  who  regarded 
the  veins  as  filled  b}^  '^  an  injection  from  a  fiery  furnace  below."  Rather 
would  he  look  upon  them  as  contemporaneous  both  in  formation  and 
filling  with  the  rocks  in  which  they  occur,  being  analogous  to  the 
granite  veins  of  the  same  region.  That  the  vein  material  did  not 
adhere  firmly  to  the  wall  rock,  as  is  the  case  with  the  granite  veins, 

«This  deceptive  appearance,  it  may  be  stated,  is  due  to  the  fact  that  the  melaphyr 
at  the  time  of  its  extrusion  was  in  a  highly  liquid  condition  and  flowing  out  over  the 
uneven  surface  of  the  conglomerate  filled  in  all  the  inequalities,  so  closely  welding 
itself  as  to  form  what  was  apparently  one  and  the  same  mass.  When  subsequent 
erosion  cut  away  a  considerable  portion  of  both  rocks  the  appearance  of  isolated 
patches  of  melaphyr  here  and  there  on  the  eroded  surface  of  the  conglomerate  wai- 
quite  misleading.  Some  more  recent  observers  have  since  committed  the  same 
blunder  of  observation  and  fault v  deduction  with  far  less  excuse.  ^ nr\n](> 
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was  to  him  no  argument  against  this  view.     '^In  one  case  the  vein  is 
lapideous,  in  the  other  it  is  metallic;  they  are  different." 

As   has   been   already  noted,  Olmsted's  work   in   North   Carolina 

was  continued  after  his  resignation  by  Prof.   Elisha  Mitchell,  who 

was  transferred  from  the  chair  of  mathematics  to  that  of  chemistry, 

mineralogv,   and  geology   at  the  time  of   Olmsted's 

^^T^!^'       resignation. 

Like  Olmsted,  Mitchell  was  born  in  Connecticut  and 
graduated  at  Yale,  going  to  North  Carolina  about  the  same  time  as  did 
the  former.  He  was  known  as  a  man  of  great  culture  and  erudition, 
but  had  manifested  no  indications  of  a  particular  leaning  toward  geol- 
ogy until  the  transfer  above  noted,  and  to-day  his  fame  probably  rests 
more  upon  his  knowledge  of  the  physical  geography  and  botanv  of 
North  Carolina  than  of  its  geolog3\  He  was 
an  enthusiastic  explorer  and  collector,  and, 
as  is  well  known,  finally  lost  his  life  on  Black, 
now  Mitchell,  Mountain  in  1857. 

His  two  most  important  papers  on  geology 
were  published  in  1828  and  1829,  the  first 
relating  to  the  oiigin  of  the  low  country  of 
North  Carolina  and  the  second  to  the  geology 
of  the  gold  regions.  In  1842  he  published 
a  summary  of  his  work  in  the  form  of  a 
text-book  for  his  classes,  accompanied  by  a 
small  geological  map  of  the  State,  the  only 
map  of  its  kind  thus  far  prepared.  A  re- 
port on  the  mineralog}^  of  the  State  was 
also  prepared  by  his  assistant,  C.  E.  Rothe, 

of   Saxony,   in  1827.     A  geological  map  of  the  eastern  half  of  the 
State  was  said  to  have  been  made,  but  never  published. 

Mitchell,  in  his  paper  on  the  origin  of  the  low  country ,  took  the 
ground  that  the  various  strata  there  found  were  formed  in  the  bed  of 
the  sea  and  became  dry  land  through  the  depression  of  the  level  of  the 
ocean  or  the  elevation  of  the  land  by  a  force  operating  from  beneath. 
The  shells  found  by  him  in  these  beds  proved,  in  his  judgment,  that 
they  were  of  comparatively  recent  origin,  but  just  how  recent  he  was 
not  prepared  to  say.  The  presence  of  bones  of  elephants  and  masto- 
dons, howev^er,  indicated  to  his  mind  an  elevation  prior  to  the  Noachian 
deluge,  to  which  catastrophe  he  evidently  attributed  their  burial. 


Fig.  18.— Elisha  Mitchell. 
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In  1829  Mitchell  published  in  the  American  Journal  of  Science  an 

article  in  which  he  threw  doubt  upon  the  statements  and  theories  of 

Olmsted  and  Rothe  regarding  the  origin  and  occurrence  of  gold  in  the 

State.     It  will  be  remembered  that  Olmsted  considered 

ofoimsted and  Rothe,  the  ffold  to  be  limited  to  the  area  occupied  by  the 

1829.  r  *' 

argillite,  while  Rothe  considered  granite  as  the  base 
of  the  gold-bearing  formations.  Olmsted  further  argued  that  the  gold 
occurred  in  the  diluvial  formation,  while  Rothe  believed  that  the  gold 
now  found  in  the  alluvial  was  derived  from  veins  and  spre^ad  over  the 
country  by  a  flood  of  waters  breaking  through  the  Blue  Ridge  and 
rushing  in  torrents  over  the  entire  gold-bearing  region.^ 

Mitcheirs  idea,  which  is  undoubtedly  the  correct  one,  was  that  the 
gold  occurred  originallj'  in  veins  and  perhaps  in  part  disseminated 
throughout  the  country  rock,  which  was  in  itself  in  part  primitive  and 
in  part  secondary.  From  these  rocks  it  was  set  free  through  atmos- 
pheric decomposition  and  subsequently  distributed  by  gravity  and 
running  water. 

Mitchell's  paper  is  of  further  interest  in  that  it  contains  a  colored 
geological  map  of  the  gold  region,  the  rocks  being  classified  as  primi- 
tive, transition  or  slate,  old-red  sandstone,  and  alluvium. 

Although  the  day  of  the  cosmogonist  was  fast  drifting  into  the 
obscurity  of  the  past,  there  were,  nevertheless,  occasional  writers 
who  still  preferred  to  ignore  facts  of  observation  or  the  etilciency  of 
simple  causes  and  to  seek  for  more  difiicult  or  more 
S^BriftViSS.**"  mystical  methods  of  accounting  for  phenomena  than 
those  furnished  by  the  observation  of  processes  now 
in  action.  Thus  Benjamin  Tappan,  in  discussing  the  bowlders  of  prim- 
itive and  transition  rock  found  in  Ohio  (glacial  ermtics),  objected  to  the 
commonly  accepted  idea  that  such  were  necessarily  foreign  to  the  local- 
it}',  brought  by  currents  of  water  or  floating  ice  in  immense  inland  lakes. 
He  fmnkly  acknowledged,  however,  his  own  inability  to  account  for 
their  presence,  but  ingenuously  claimed  that  "ignorance  is  preferable 
to  error,"  and  added:  '^It  may  therefore  be  asked  why  may  not  these 
rocks  have  been  created  where  they  are  now  found?"  Or,  "Again, 
why  may  they  not  have  been  thrown  out  by  earthquakes  or  volcanoes  ? " 

Groping  though  this  writer  may  have  been,  it  is  questionable  if  his 
ignorance  wore  not  preferable  to  the  kind  of  knowledge  manifested 
by  a  writi^r  (signature  "A")  in  the  American  Journal  of  Science  of 
two  years  previous,  who  would  account  for  the  drift  on  the  supposition 
that  the  earth's  revolution,  amounting  to  1,500  feet  a  second,  was 
suddenly  checked.     This,  he  thought,  would  re.sult  in  the  whole  mass 

«  Rothe  had  previously  (182(5)  expressed  the  idea  that  the  gold  was  derived  from 
the  bursting  asunder  of  the  gold-bearing  veins  by  subterranean  explosions  and  the 
gold  thus  s<*^ttered  over  the  adjacent  regions,  some  of  it  being  carried  down  in  the 
water  courses. 
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of  the  surface  water  rushing  forward  with  inconceivable  velocity, 
until  overcome  by  opposing  obstacles  or  exhausted  by  continual  fric- 
tion and  the  counterbalancing  power  of  gravitation.  The  Pacific 
Ocean  would  thus  rush  over  the  Andes  and  the  Alleghenies  into  the 
Atlantic,  which  would  in  the  meantime  be  sweeping  over  Europe, 
Asia,  and  Africa.  "A  few  hours  would  cover  the  entire  surface  of 
the  earth,  excepting,  perhaps,  the  vicinity  of  the  poles,  with  one 
rushing  torrent,  in  which  the  fragments  of  disintegrated  rock,  earth, 
and  sand  would  be  carried  along  with  the  wreck  of  animal  and  vege- 
table life  in  one  all  but  liquid  mass." 

The  period  that  may  with  propriety  be  called  the  dark  age  of  geol- 
ogy was  that  prior  to  the  discovery  and  general  recognition  of  the 
value  of  fossils  in  stratigraphy — the  fact  that  the  relative  age  or 
stmtigraphic  sequence  of  sedimentary  rocks  could  be 
oeoiSy!' ^'**  ***  determined  by  means  of  the  plant  and  animal  remains 
they  may  contain. 

According  to  Dr.  Archibald  Geikie,  in  his  Founders  of  Geology, 
credit  must  be  given  to  the  Abb^  Giraud-Soulavie  for  having  first 
planted  the  seeds  of  stratigraphic  geology.  In  a  paper  read  before 
the  Royal  Academy  of  Scientists  in  Paris  in  August,  1779,  Soulavie 
described  the  cklcareous  mountains  Vivarais  as  made  up  of  limestones 
belonging  to  five  different  epochs,  the  strata  in  each  being  marked  b}^ 
its  own  peculiar  assemblage  of  fossils. 

These  views,  though  undoubtedly  correct  in  the  main,  were  not 
generally  accepted  even  in  France,  a  fact  thought  by  Doctor  Geikie 
to  be  due  mainly  to  the  wretched  style  in  which  they  were  set  forth, 
and  the  Abba's  fame  has  been  eclipsed  by  more  brilliant  successors, 
among  whom  may  be  mentioned  Desmarest,  Rouelle,  Lamanon, 
Cuvier,  and  Brongniart. 

Cuvier,  it  will  be  recalled,  was  primarily  a  biologist,  and  may  well 
be  considered  the  first  vertebmte  paleontologist — the  first  to  announce 
that  the  globe  was  once  peopled  by  vertebrate  animals  of  a  t\  pe  which 
have  long  since  disappeared.  In  connection  with  Brongniart,  Cuv  ier 
published  in  1808  a  memoir  containing  the  results  of  their  joint  studies 
in  the  basin, of  the  Seine.  They  showed  that  the  formations  there 
existing  were  arranged  in  a  definite  order  and  could  be  recognized  l)v 
their  lithological  and  paleontological  characteristics.  Although  sub- 
sequent research  has  naturally  tended  to  show  that  the  observations 
and  deductions  of  these  early  workers  were  not  in  all  cases  correct,  it 
may,  nevertheless,  be  said  that  they  established  on  a  basis  of  accurate 
observation  the  principles  of  paleontological  stratigraphy,  demon- 
stmted  the  use  of  fossils  for  the  determination  of  geological  chronol- 
ogy, and  paved  the  way  for  the  enormous  advances  which  have  since 
been  made. 
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When  one  recalls  the  avidit\^  with  which  each  new  suggestion  is 
seized  upon  by  the  scientists  of  to-day,  it  seems  strange  that  so 
promising  a  field  of  investigation  as  was  here  thrown  open  should  not 

have  been  immediately  occupied.  Nevertheless,  it 
cS?5lilti^?828.      was  not  until  1828  that  an  American  geologist  took  up 

the  matter  with  an  apparently  full  appreciation  of  its 
possibilities.  In  that  year  Dr.  S.  G.  Morton,  the  paleontologist,  read 
before  the  Philadelphia  Academy  of  Sciences,  from  notes  furnished 
him  by  Lardner  Vanuxem,  what  was  prol)ably  the  most  important 
paper  of  the  year,  relating  to  a  possible  suMivision  of  the  heretofore 
so-called  alluvial  or  Tertiary  deposits  of  the  Atlantic  coast.  The  most 
important  feature  of  this  paper,  as  may  be  surmised,  lay  in  itjs 
announced  recognition  of  the  value  of  fossils  for  purposes  of  correla- 
tion. With  the  exception  of  Prof.  John  Finch,  already  mentioned, 
writers  up  to  this  time  had  very  generally  referred  to  these  deposits 
as  belonging  to  a  single  formation,  either  alluvial  or  Tertiary,  as  the 
case  might  be.  Vanuxem  here  asserted  for  the  first  time  the  exist- 
ence of  both  Secondary  and  Tertiary  formations,  and  showed  ''that 
the  two  formations  may  be  at  all  times  unequivocally  identified  by 
their  fossil  remains.*'  The  relative  geological  position  of  the  beds  he 
gave  as  below: 

Vegetable  mold 7 

River  alluvium 6 

White  silieeous  sand 5 

Red  earth 4 

Bedn  of  Ostreae 1 

Mass  of  limestone,  buhrstone,  sand,  and  clay J 

Lignite 2 

Marl  of  New  Jersey 1 

In  1H2S  Dr.  C.  T.  Jackson,  of  Boston,  in  company  with  Fmncis 

Alger,  published  in  the  American  Journal  of  Science  a  series  of  papers 

bearing  on  the  mineralogy  and  geology  of  a  part  of  Nova  Scotia. 

These,  although  mainly  of  a  mineralogical  nature,  con- 

WorkinNova^u.  tained  much  material  which  at  the  time  was  valuable, 

1828. 

and  were  accompanied  by  a  colored  geological  maps 
This  showed  the  distribution  of  the  various  geological  formation, 
(identified  mainly  on  lithological  grounds)  of  the  northern  half  of  the 
peninsula.  A  broad  belt  of  transition  clay-slate  was  represented  as 
extending  from  the  Gut  of  Canso  to  St.  Marys  Ba\\  This  was  bor 
dered  on  the  northeast  by  a  narrow  })ed  of  allirvium,  the  immediate 
lx)rder  of  the  Bay  of  Fundy  being  occupied  by  trap  rock  or  greenHUme^ 
a.s  it  was  then  called.  A  wide  band  of  red  and  gray  sandstone,  alter- 
nating with  shale  and  carrying  beds  of  coal,  occupied  the  region  south 
of  Minas  Basin  and  all  of  the  C\imberland  County  peninsula.  This 
sandstone  was  described  in  considerable  detail,  and  from  its  fossil  con- 
tents was  judged  to  be  a  secondary  rock,  although  evidently  older  than 


Modern  alluvial 
Ancient  alluvial 

Tertiary 

Secondarv 
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Samuel  George  Morton. 
Physician  and  Paleontologist. 
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the  trap — a  recognition  here  of  the  value  of  fossils  for  stratigraphic 
purposes. 

The  clay-slate  of  the  South  Mountains  he  regarded  as  belonging  to 
the  transition  class,  since  it  dips  50*^  or  60^  to  the  northwest,  while 
the  sandstone  dips  at  an  angle  of  only  10*^  or  15°  to  the  north,  clearly 
indicating  the  former  rock  to  be  of  greater  antiquity  than  the  latter. 
Moreover  the  slate  contained  only  marine  fossils.  It  was  regarded 
also  as  having  existed  before  the  neighboring  plutonic  rocks  had 
emerged  from  the  central  region  of  the  earth. 

The  granite  was  regarded  as  being  undoubtedly  of  greater  age  than 
the  clay-slate,  since  it  contained  ''  no  relics  of  organized  beings."  He 
did  not,  however,  consider  it  as  belonging  to  the  oldest  primitive 
rocks,  since  it  showed  at  places  a  brecciated  stinicture,  contained  black 
mica,  and  was  "lacking  in  the  metalliferous  compounds  and  minerals 
which  characterize  the  ancient  formations."  "It  probably  belongs," 
he  wrote,  "to  the  third  or  newest  formation  of  Werner." 

Concerning  the  source  of  the  trap  and  its  relationship  to  the  sand- 
stone, he  wrot^: 

The  sharp  fragments  of  the  breccia  and  the  breaking  up  of  the  strata  also  shew 
that  the  producti6n  of  this  rock  or,  rather,  its  non conformable  position  on  the  sand- 
stone strata,  was  effected  suddenly.  Whether  it  was  ejected  from  the  inaccessible 
depths  of  the  Basin  of  Minas,  or  was  thrown  directly  up  through  the  strata  of  sand- 
stone, we  can  not  determine;  but  the  occurrence  of  the  trap  only  on  the  borders  of 
the  basin,  which  it  almost  surrounds,  leads  to  the  belief  that  this  cavity  was  the 
crater,  if  it  may  be  so  called,  from  which,  in  former  times,  the  trap  rocks  issued. 
The  same  remarks  will  apply  to  the  whole  North  Mountain  range,  except  that  they 
probably  originated  from  the  unfathomable  deeps  of  the  Bay  of  Fundy,  which  is 
completely  skirted  on  either  side  by  trap  rocks. 

It  will  be  noted  here  that  Jackson  for  the  first  time  cut  loose  from 
the  Wernerian  (Neptunian)  doctrine.  He  realized  this  and  stated  that 
the  evidence  found  convinced  him  of  its  insufficiency,  and  he  was 
obliged  to  allow  the  superiority  of  the  igneous  theory  as  taught  by 
Hutton,  Playfair,  and  Daubeny. 

Writing  of  the  origin  of  the  bed  of  heraatit<5  iron  ore  of  the  South 
Mountain  region  and  its  relation  to  the  granites,  he  said: 

Speculative  geologists  would  doubtless  regard  the  protrusion  of  the  granite  from 
the  central  regions  of  our  globe  as  the  cause  of  the  disruption  of  the  strata  of  clay- 
slate  which  was  thus  raised  from  the  bottom  of  the  sea,  bearing  with  it  the  epoik 
of  the  ocean.  The  layers  would  thus  be  broken,  their  edges  thrown  up  at  an  angle, 
and,  by  the  contraction  of  the  subordinate  rocks,  the  superior  strata  being  fixed, 
or  the  protrusion  having  carried  the  rocks  so  far  as  to  poise  the  strata  in  a  per- 
pendicular position,  a  chasm  would  be  formed  into  which  the  ore  of  iron  was  after- 
wards poured  from  above  by  a  second  submergence.  From  the  similarity  of  fossile 
we  should  think  the  b<»d  of  iron  ore  must  have  l)een  immediately  formed  after  the 
disruption  of  the  strata. 

In  1833  a  revised  edition  of  the  work  was  published  in  the  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences.     This  was  referred  to 
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by  Featherstonhaugh  in  his  journal,  as  "  the  neatest  and  best  executed 
work  on  geology  which  has  been  gotten  up  in  the  United  States/' 

Dr.  Charles  T.  Jackson  was  born  at  Plymouth,  Massachusetts,  June 
21,  1805;  was  graduated  at  the  Harvard  Medical  School  in  1829^  and 
settled  down  to  the  practice  of  medicine  in  Boston  in  1833,  having 
spent  a  portion  of  the  intervening  years  in  Europe. 
c'^T^jackson.  ^^  shortly,  howcvcr,  abandoned  his  medical  practice 

in  order  that  he  might  devote  himself  to  chemical  and 
geological  investigations  more  to  his  taste.  In  1836  he  was  appointed 
State  geologist  of  Maine,  and  published  during  the  three  years  he  held 
that  office  three  octavo  reports  comprising  some  1,000  pages  and  an 
atlas  of  24  plates.  These  volumes,  while  recording  a  large  number 
of  disconnected  observations,  contain  nothing  of  striking  interest  or 
importance.  They  are  devoted  also  largely  to  economic  questions. 
It  must  be  remembered,  however,  that  the  country  at  that  time  was 
largely  a  wilderness,  without  rail  or  carriage  roads,  and  many  of  his 
journevs  were  made  by  canoes  on  streams  and  lakes. 

In  1839,  as  State  geologist,  he  made  a  survey  of  Rhode  Island,  and 
in  the  year  following  submitted  the  manuscrii)t  copy  for  his  report, 
1,000  copies  of  which  were  issued,  constituting  the  first,  last,  and 
only  official  account  of  the  resources  of  the  State  ever  published 
(Woodworth).  In  1840  he  began  work  upon  the  geology  of  New 
Hampshire,  having  been  appointed  geologist  for  that  State  September, 
1839.  This  survey  lasted  until  1843,  the  final  report  appearing  in 
1844.  It  was  while  in  the  prosecution  of  this  work  that  he  made  the 
discovery  of  tin  ore  at  Jackson,  and  from  it  smelted  the  first  bar  of 
metallic  tin  produced  in  America. 

In  1847  Jackson  wsls  appointed  United  States  geologist  to  report  on 
the  public  lands  in  the  Lake  Superior  region,  but  spent  onl}^  two 
seasons  in  the  field,  resigning  for  personal  and  political  reasons  in 
1849.  It  was  through  his  instrumentality,  however,  in  part,  that  the 
copper  regions  of  Lake  Superior  were  opened  up.  Other  economic 
work  of  Jackson  which  needs  mention  is  that  in  connection  with  the  dis- 
covery and  description  of  the  emery  mines  at  Chester,  Massachusetts. 

After  withdrawing  from  the  Lake  Superior  survey,  Jackson  devoted 
himself  largely  to  laboratory  work,  having  an  office  at  32  Somerset 
street,  Boston.  As  is  well  known,  he  was  one  of  the  claimants  for 
priority  in  the  discovery  of  the  anaesthetic  properties  of  ether.  He 
was  well  and  favorably  known  as  a  chemist  and  all-round  naturalist, 
and  is  described  as  ''an  enthusiastic  personage,  a  ready  conversation- 
alist, even  eloquent  m  his  speech  and  fond  of  story  telling — a  man  of 
large  stature,  square  shoulders,  and  massive  head.''  As  a  geologist 
he  was  conservative  almost  to  the  point  of  obstinacy,  as  is  shown  by 
his  steady  adherence  to  the  older  forms  of  classification,  though  find- 
ing it  necessary  to  depart  somewhat  from  the  ideas  of  Werner.     He 
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state  (ieologist  of  Maine,  New  Hampshire,  and  Rhode  Island. 
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was  but  little  given  to  theorizing,  at  least  80  far  as  is  shown  by  his 
published  works,  and  announced  few,  if  any,  new  principles'.  His 
fame  rests  rather  upon  the  extension  of  the  geographic  boundaries  of 
our  knowledge  and  the  development  of  economic  resources. 

The  matter  of  the  relative  age  of  rocks  as  indicated  by  their  position 
with  respect  to  horizontal ity,  which  had  been  discussed  bj'  Cleaveland 
in  1816,  Maclure  in  1825,  and  Jackson  in  1828,  was  again  taken  up  by 
Vanuxem  in  1829.  In  a  paper  in  the  American  Jour- 
yuuxcm's  views.  ^^^  ^f  Science  in  this  year  he  called  attention  to  sev- 
eral errors  promulgated  by  the  American  geologists, 
the  first  of  which  related  to  the  existence  of  Alluvium  and  Tertiary 
rocks  in  the  Southern  Atlantic  States,  as  he  had  previously  announced 
in  conjunction  with  Morton. 

Of  almost  equal  importance  was  the  objection  raised  at  this  time  to 
the  prevailing  assumption  that  all  of  the  so-called  secondary  rocks 
were  horizontal  in  j)osition,  or,  on  the  other  hand,  that  all  horizontal 
rocks  were,  therefore,  secondary.  He  pointed  out  that  -rocks  com- 
posed of  mechanical  particles  when  undisturbed  would  form  horizon- 
tally lying  masses,  but  that  both  uplifting  and  downfalling  forces  had 
existed  and  there  was  no  certainty  that  such  had  acted  in  a  uniform 
manner,  giving  rocks  of  the  same  age  the  same  inclination.  There- 
fore the  position  of  beds  as  regards  horizontality,  he  argued,  could 
not  be  relied  upon  to  indicate  age.  ''The  analogy  or  identity  of 
rocks,"  he  wrote,  ''I  determine  by  their  fossils  in  the  first  instance 
and  their  position  and  mineralogical  characters  in  the  second  or  last 
instance."  This  is  perhaps  one  of  the  most  important  generalizations 
that  had  thus  far  been  made  by  any  American  geologist. 

Vanuxem  was  a  Philadelphian  by  birth,  but  received  his  mineral- 
ogical and  geological  training  at  the  School  of  Mines  in  Paris  at  the 
time  when  Brongniart  and  Hauy  were  both  active.  Graduating  in 
1819,  he  returned  to  America  and  assumed  the  chair 
va?uxem.  ^^  chemistry  in  Columbia  College,  South  Carolina, 

resigning  in  1826  to  undertake  some  private  mining 
work  in  Mexico.  In  1830  he  removed  to  a  farm  near  Bristol,  Penn- 
sylvania, which  continued  to  be  his  home  during  the  rest  of  his  life, 
though  connected  with  the  New  York  State  survey  during  1837-43. 

He  is  represented  as  a  man  of  slight  build,  active  and  energetic,  and 
with  great  f)owers  of  endurance;  one  who  loved  his  work  for  the 
work's  sake,  and  was  always  averse  to  receiving  pay  for  his  services 
excepting  when  circumstances  rendered  it  absolutely  necessary. 

According  to  his  biographer,  he  had  the  reputation  of  being  vision- 
ary and  full  of  untenable  theories.  Be  this  as  it  may,  his  published 
writings  show  no  such  failing,  and  there  are  few  men  of  his  day  who 
saw  more  clearly  or  reasoned  more  correctly.  His  published  writings 
were,  for  that  time,  remarkably  free  from  error.     As  a  ffeoloerist  he 
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i*ank«  with  those  who  have  put  forward  new  ideas  rather  than  those 
who  have  extended  geographic  boundaries.'' 

In  1829  there  appeared  the  first  American,  from  the  third  English, 

edition  of  Bakewell's  Introduction  to  Geology.     This  was  edited  by 

Silliman,  and  was  accompanied  b\^  the  latter's  Outline  of  the  Course 

of  Geological  Lectures  given  in  Yale  College.     The 

First  American  »  i^  & 

edition  of  Bakeweu*s  reason  for  the  reprint,  as  given  by  Professor  Silliman 
in  the  preface,  was  that  he  might  place  in  the  hands  of 
his  classes  a  comprehensive  treatise  on  geology  which  they  "  would  be 
willing  to  read  and  able  to  understand."  The  lecture  notes,  which 
merit  our  attention  here,  comprised  126  pages  and  may  be  reviewed 
in  some  detail  as  illustrating  the  character  of  instruction  given  at  that 
time. 

Silliman  announced  himself  as  being  neither  a  Wernerian  nor  Hut- 
tonian,  but  simply  a  student  of  facts.  The  classification  was,  how- 
ever, largely  Wernerian,  though  he  says:  "It  is  one  of  convenience 
merely,  and  therefore  there  is  no  hesitation  in  deviating  from  it,  or 
in  substituting  other  views,  when  they  appear  preferable."  The  dis- 
coveries of  geology  he  regarded  as  consistent  with  the  biblical  account, 
and  "  respecting  the  deluge,  there  can  be  but  one  opinion  *  *  * 
geologj'^  fully  confirms  the  scripture  history  of  that  event." 

The  earth,  he  conceived,  as  at  an  early  stage  covered  superficially  by 
a  watery  abyss,  containing  in  solution  acids  and  alkalies  such  as  would 
augment  its  solvent  powers.  He  regarded  the  solubility  of  all  the 
existing  elements  forming  the  crust  of  the  globe  as  clearly  and  actu- 
ally demonstrated,  but  found  a  serious  difficulty  in  attributing  to  the 
quantity  of  waters  that  now  exist  *  *  *  sufficient  power  to  sus- 
pend all  the  materials  of  those  rocks  that  bear  marks  of  deposition  from 
a  state  of  chemical  solution.  Among  other  possibilities  he,  however, 
seriously  considered  that  of  a  portion  of  the  then  existing  waters  hav- 
ing "  been  received  into  cavities  of  the  earth,  to  await  a  future  call  to 
deluge  the  surface  anew."  From  this  solution  the  primitive  rocks — 
granite,  gneiss,  mica,  slate,  and  some  of  the  limestones — were  regarded 
as  having  been  deposited,  the  author  thus  far  following  Werner. 

The  question  as  to  the  origin  of  mountains  and  of  the  continents 
was,  with  him,  a  vexed  one.  ''Some  imagine  that  entire  mountain 
ranges  and  even  entire  continents  have  been  raised  by  the  force  of 
subterranean  tire;"  and  he  saw  no  inconsistency  in  admitting  that  both 
igneous  and  aqueous  agencies  might  have  been  active  in  their  produc- 
tion. But,  as  to  the  source  of  the  materials  from  which  they  were 
formed,  he  felt  by  no  means  clear.     If  supplied  from  regions  imme- 

"Acconlingto  Hall  (TraIl^^actionH  of  tlu'  Aniorican  Association  of  ( ieologi8t8,  1840- 

42),  Vanuxern  wan  the  firnt  to  iK)int  out  the  similarity  of  some  of  the  western  fonna- 

tions  with  those  of  New  York,  i<lentifying  the  lower  rocks  of  Ohio,  Kentucky,  and 

Tennessee  with  the  Trenton  limestone.  r^^^^T^ 
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diately  beneath,  what  tills  the  void?  he  asked.  If  it  is  arched  over 
fi*om  side  to  side,  what  security  is  there  that  subtermuean  tires  will 
not  melt  down  the  abutments  and  undermine  the  continent  if  But, 
whether  the  mountains  were  raised  from  below,  left  prominent  by  the 
subsidence  of  the  contiguous  regions,  or  were  reared  by  accumulation, 
he  regarded  as  immaterial  for  his  present  purpose.  "It  is  agreed  on 
all  hands  that  they  existed  before  the  subsidence  of  the  early  ocean, 
whose  retreat  must  of  course  have  tirst  exposed  their  summits." 

Among  the  rocks  l)elonging  to  the  transition  period  he  included  the 
crystalline  limestones — marbles — of  Bennington,  Middlebury,  and 
Swanton  in  Vermont;  tlie  gray  wackes  of  the  Chaudiere  Falls  in  Lower 
Canada,  of  Rhode  Island,  and  of  the  Catskill  Mountains;  the  breccia 
marble  of  Point  of  RiH'ks,  Maryland;  and  the  conglomerates  of  Dor- 
chester and  other  locatities  in  Massachusetts.  These,  as  is  well  known, 
are  now  relegated  to  various  widely  separated  horizons,  extending 
from  the  Cambrian  in  the  case  of  the  Swanton  marbles  to  the  Triassic 
in  the  case  of  that  of  Point  of  Rocks. 

The  manner  in  which  the  fossil  organisms  were  conceived  to  have 
become  imbedded  in  their  various  matrices  is  interesting: 

We  can  not  doubt  that  the  animals  received  their  existence  and  lived  and  died  in 
an  ocean  full  of  carbonate  of  lime,  in  solution,  or  in  met^hanical  suspension,  or  both. 
When  they  died  they  of  course  subsided  to  the  bottom  and  were  surrounded,  as  they 
lay,  by  the  concreting  calcareous  matter;  *  *  *  the  interstices  were  filled  by  the 
calcareous  deposit,  and  this  being  more  or  less  chemically  dissolved,  produced  a 
firm,  subcrystalline  mass,  a  section  of  which  shows  the  animals  sawn  through. 

Concerning  the  value  of  such  remains,  he  was  fully  cognizant: 
^'Fossil  organic  bodies  contained  in  rocks  are  now  considered  as  good 
indicia  of  the  geological  age  and  character  of  the  strata  in  which  they 
occur." 

-As  with  others  of  his  time,  Silliman  was  a  believer  in  the  Noachian 
deluge.  Indeed,  in  point  of  detail,  he  outdid  all  others  in  his  attempts 
at  harmonizing  apparently  conflicting  statements  and  ideas  and  wrote, 
as  Huxley  has  aptly  expressed  it,  '*  with  one  eye  on  fact  and  the  other 
on  Genesis."  *^ There  is  decisive  evidence  that  not  further  back  than 
a  few  thousand  years  an  universal  deluge  swept  the  surface  of  the 
globe."  This  deluge,  it  should  l>e  remarked,  was  considered  quite  dis- 
tinct from  the  original,  primeval  ocean,  and  to  have  been  brought 
about  through  direct  intervention  of  the  Creator  for  the  pur[)ose  of 
punishing  and  partially  exterminating  the  race.  It  was  sudden  in  its 
occurrence,  short  in  duration,  and  violent  in  its  effects.  In  order  to 
account  for  the  biblical  expression,  ''the  fountains  of  the  great  deep  were 
broken  up,"  Silliman  offered  the  suggestion  that,  contemporaneous 
with  the  forty  days  and  nights  of  rain,  a  deluge  of  water  burst  forth 
from  the  bowels  of  the  earth,  whence  it  was  forced  by  the  sudden  dis- 
dgagenieiit  of  gases,  the  presence  of  the  subterranean  water  he  having 
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already  conveniently  accounted  for  by  assuming  that  it  was  derived 
from  the  primeval  ocean  at  the  time  it  shrank  away  and  left  the  dry 
land.  SuflScient  water  to  cover,  when  forced  to  the  surface,  the  high- 
est mountams,  could,  he  calculated,  be  contained  in  a  cavity  the  cubical 
content  of  which  was  only  one  two  hundred  and  sixty -fifth  part  of  the 
globe. 

Assuming  that  the  antediluvian  mountains  were  the  same  as  to-day, 
but  somewhat  higher  (say,  5^  miles),  and  accepting  the  fact  that  they 
were  covered  by  the  water,  Silliman  proceeded  to  show  that,  with  a 
time  limit  of  forty  days,  the  water  rose  at  the  rate  of  a  foot  in  two 
minutes — i.  e.,  30  feet  an  hour,  or  181  feet  in  the  time  of  a  common 
flood  or  ebb  tide,  362  feet  in  the  time  of  the  ordinary  ebb  and  flow  of 
the  tide,  or  726  feet  in  twenty-four  hours. 

The  inequalities  in  the  surface  of  the  land  would,  however,  increase 
even  this  rate,  and  a  very  graphic  pi:»ture  is  drawn  of  *'the  incon- 
ceivably violent  torrents  and  cataracts  everywhere  descending  the 
hills  and  mountains  and  meeting  a  tide  rising  at  the  rate  of  more  than 
700  feet  in  twenty-four  houi's." 

It  is  to  such  a  catastrophe  that  he  believed  to  be  due  the  extinction 
of  whole  races  of  vertebmte  animals,  like  the  Siberian  mammoth  and 
others.  That  such  would  be  amply  suflicient  no  one  will  be  likely  to 
doubt. 
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CHAPTER  III. 

THE  ERA  OF  STATE  SURVEYS,  FIRST  DECADE,  1830-1839. 

The  decade  beginning  with  1830  stands  out  prominently  as  an  era  of 
public  surveys.  With  the  exception  of  the  single  abortive  attempt 
made  in  Noith  Carolina  in  1824  no  surveys  at  other  than  private 
expense  had  thus  far  been  attempted,  though  the  subject  had  more 
than  once  been  agitated.  During  this  interval,  however,  scarcely  a 
year  passed  but  witnessed  the  establishment  of  a  State  survey  or  the 
organization  of  an  exploring  expedition,  to  which  a  geologist  was 
attached.  Thus  were  established  surveys  in  Massachusetts  in  1830; 
in  Tennessee  in  1831;  Maryland  in  1834^  New  Jersey,  ("onnecticut, 
and  Virginia  in  1835;  Maine,  New  York,  Ohio,  and  Pennsj'lvania  in 
1836;  Delaware,  Indiana,  and  Micliigan  in  1837,  and  in  New  Hamp- 
shire and  Rhode  Island  in  1839.  In  addition,  the  United  States  Gov- 
ernment for  the  tirst  time  recognized  the  practical  utility  of  the 
geologist  by  authorizing  the  surveys  by  (}.  W.  Featherstonhaugh  of 
the  elevated  country  between  the  Missouri  and  Red  rivers  in  1834  and 
of  the  Coteau  des  Prairies  in  1835,  and  by  D.  D.  Owen  of  the  mineral 
lands  of  Iowa,  Wisconsin,  and  Illinois  in  1839. 

The  Wilkes  exploring  expedition,  with  J.  D.  Dana  as  geologist,  was 
also  organized  and  sent  on  its  way  in  1838.  Beyond  the  limits  of  the 
United  States  Abmham  Gesner  was  doing  important  work  as  provin- 
cial geologist  in  Nova  Scotia  and  New  Brunswick.  Eaton  and  Maclure 
were  still  in  the  field,  but  new  workers  were  rapidly  forcing  their  way 
to  the  front,  and  the  influence  of  the  two  pioneers  was  already  on  the 
wane.  Other  names  which  appear  in  this  decade  and  grow  to  prom- 
inence are  Timothy  A.  Conrad,  James  Hall,  William  Mather,  D.  I). 
Owen,  J.  G.  Percival,  and  11.  I).  Rogers. 

In  1830  Eaton  published  the  first  edition  of  his  (Geological  Text-book, 

an  octavo  volume  of  64  pages,  accompanied  by  a  colored  geological  map 

exhibiting  a  general  view  of  the  economic  geology  of  New  York  and  part 

of  the  adjoinini^  States,  the  work  for  which  had  been 

Baton's  Qeologlca]  j  &  -> 

Text-book,  done  under  the  direction  of  the  Hon.   Stephen  Van 

Kensselaer. 
The  book  is  worthy  of  a  somewhat  extended  notice,  since  it  gives  us 
an  insight  into  the  character  of  the  instruction  furnished  students  at 
that  time  at  the  Rensselaer  Institute,  and  also,  since  it  was  Eaton's 
second  attempt  at  preparing  a  text-book.  His  first  attempt,  it  will  be 
remembered,  was  his  Index  to  the  Geology  of  the  Northern  States, 

Digitized  by  L.^??5j^iC 


296  REPORT    OF    NATIONAL    MUSEITM,    1904. 

published  in  1818,  a  second  edition  of  which  appeared  in  1820.  In 
these  works  he  was  anticipated  only  by  Parker  Cleaveland's  Text-book 
of  Geology  and  Mineralogy,  which  appeared  in  1816,  though  the  volume 
we  are  now  discussing  was  anticipated  in  1826  by  the  work  of  Emmons. 

Eaton's  general  views  regarding  the  formation  of  the  various  geolog- 
ical deposits  are  summed  up  as  follows:  '^The  earth  is  composed  of 
masses  of  rocks  and  detritus  which  are  more  or  less  extensive  and  uni- 
form in  their  characteristic  constituents."  ^' These  masses  are  mostly 
in  regular  deposits,  and  those  of  the  same  structure  and  composition 
regard  the  same  order  of  superposition  in  relation  to  each  other."  A 
few  of  the  outermost  masses,  having  no  reference  to  each  other,  he 
called  ''anomalous  deposits."  lie  divided  these  regular  deposits  into 
five  series,  called  classes,  each  of  which  '^  consists  of  three  formations 
which  are  found  to  be  corresponding  equivalents  in  all  the  series. 
The  lowest  formation  in  each  series  is  slaty  or  argiUaceouH  and  always 
contains  beds  of  carhon  in  the  state  of  coal,  anthracite,  or  plumbago." 
The  next  is  silicious  and  destitute  of  beds  of  carbon,  and  the  upper- 
most, also  lacking  in  carbon,  is  composed  chiefly  of  carbonate  of  lime. 

All  the  primitive  formations  he  regarded  as  deposited  in  the  form  of 
concentric  spheres  like  the  coats  of  an  onion.  These  contained  the 
materials  of  which  all  outer  formations  were  afterwards  made  up. 
'^  Soon  after  these  deposits  were  laid  down  they  were  broken  up 
through  several  northerly  and  southerly  rents  by  a  very  great  force 
exerted  immediately  beneath  the  lowest  of  the  primitive  strata.  In 
this  semi-indurated  and  broken  state  materials  were  readily  furnished 
for  the  outer  strata."  The  source  of  the  force  producing  these  rents, 
it  will  be  remembered,  was  in  his  early  works  regarded  as  problematical 
(p.  238). 

In  this  last  work  he,  however,  solved  the  problem  in  a  manner  best 
understood  by  reference  to  the  figures  here  reproduced,  which  he 
claimed  were  an  improvement  on  those  given  in  the  Index. 

The  earth  is  here  supposed  to  be  cut  into  two  parts  at  the  forty- 
second  degree  of  north  latitude.  Large  bodies  of  combustibles  of  an 
undetermined  nature,  it  will  be  observed,  are  conveniently  stored 
under  what  are  now  the  regions  of  maximum  disturbance,  as  the  Rocky 
Mountains,  New  England,  Great  Britain,  the  Alps,  Pyrenees,  Caucasus, 
and  the  Himalayas. 

In  the  second  figure  combustion  is  supposed  to  have  taken  place, 
whereby  an  explosion  was  produced  which  burst  through  the  primitive 
and  transition  series,  and  appalling  indeed  must  have  been  the  results. 

A  geological  segment,  not  reproduced  here,  gives  in  greater  detail 
a  section  across  the  American  continent,  showing  the  internal  nucleus, 
the  areas  of  combustible  matter  under  New  York  State  and  the  Rocky 
Mountains,  and  the  alternation  of  the  regular  deposits,  illustrating 
his  ideas  as  to  the  present  condition  of  the  earth.     The  combustible 
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materials  at  this  time  are  supj)08ed  to  l)e  nearly  exhausted,  although 
still  sufficient  to  cause  ordinary  earthquakes. 

The  superficial  rocks  of  the  crust,  as  shown  in  this  section,  were 
divided  into  four  series,  eac*h  of  which  was  made  up,  in  ascending  order, 
of  Carboniferous,  Quartzose  and  Calcareous  rocks.  The  definitions 
of  the  various  classes  forming  the  transition  and  secondary  remained 
much  as  in  the  early  work,  excepting  that  he  divided  his  Class  III 
int<^  a  lower  and  upper  division  and  added  a  fifth  series,  the  Tertiary, 
this  latter  including  those  strata  which  contained  remains  of  viviparous 
vertebral  animals. 

The  so-called  anomalous  deposits  were  those  which  have  been  pro- 
duced at  the  earth's  surface  by  fusion  or  disintegration  of  regular 
strata,  and  were  divided  into  (1)  Volcanic  deposits,  (2)  Diluvion,  (8) 
Postdiluvion,  and  (4)  Analluvion,  the  last  including  what  are  known 
as  residual  deposits — that  is,  those  which  result  from  decay  in  situ. 

In  the  second  edition  of  this  work,  published  in  1832,  the  same  gen- 
eral ideas  were  advanced  regarding  the  formation  and  uplifting  of  the 
various  rocks;  a  much  more  satisfactory  chapter  added  on  the  charac- 
ter and  objects  of  geology,  and  also  a  chapter  on  organized  remains 
as  auxiliaries  in  the  detennination  of  rocky  strata,  in  this  respect  the 
second  edition  being  decidedly  in  advance  of  the  first. ^ 

Many  of  the  ideas  put  forward  in  the  chapter  on  the  character  and 
objects  of  geology  are,  in  the  light  of  to-day,  peculiarly  interesting. 
The  desire  to  harmonize  all  phenomena  witnessed  with  the  biblical 
account  of  the  deluge  was  still  manifested: 

Geological  facts  lead  us  to  the  history  of  created  beings  long  anterior  to  written 
records.  Such  records  may  be  erroneous,  and  we  have  no  means  of  correcting 
them.  But  geological  records  are  perpetual,  unvarying,  and  can  not  be  vitiated  by 
interpolations  or  counterfeits.  For  example:  The  written  history  of  the  deluge 
might  be  varied  more  or  less  by  erroneous  copies  and  incorrect  translations.  But 
the  geological  records  of  divine  wrath  poured  out  upon  the  rebellious  inhabitants  of 
the  earth  at  that  awful  period  can  never  be  effaced  or  changed.  These  later  recortis 
add,  to  the  Mosaic  account,  that  even  the  antediluviai  beasts  of  the  forests  and  fens 
partook  of  the  ferocious  nature  and  giant  strength  of  antediluviai  man. 

The  bed  of  Lake  Ontario  Eaton  regarded  as  made  by  the  rapid  dis- 
integration of  Saliferous  and  Carboniferous  rock,  while  the  beds  of 
Lake  Champlain  and  the  Mohawk  and  Hudson  rivers  were  thought  to 
have  originated,  for  the  most  part,  by  the  disintegration  of  rocks  at 

a  The  edition  of  1832  was  issued  and  sold  under  direct  supervision  of  the  author. 
The  following  note  relative  thereto  is  in  possession  of  the  present  writer: 

To  General  Howe  (or  whoever  has  received  my  geological  text-book),  deliver  a 
copy  of  my  text-book  to  Profes.«or  Silliman  and  another  to  Professor  Tulley  (?),  on 
my  account.  Charge  them  to  William  S.  Parker  and  I  will  cause  the  same  to  be 
charged  to  me  and  also  to  be  credited  to  you.     July  24,  1832. 

Amos  Eaton. 

N.  B.  I  publish  this  edition  myself,  and  have  paid  all  cash,  by  way  of  triaL 
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line  of  rontart  between  different  formations.  ''The  deep  bed  of  the 
Hudson  aeroys  the  Highland}?,  however,  may,  without  extravagance, 
be  ascribed  to  the  fusion  by  volcanic  heat  which  produced  the  basaltic 
Palisades  below  the  chasm.  The  same  hypothesis  may  be  well  applied 
to  the  channel  of  the  Connecticut  River  north  of  the  northern  line  of 
Massachusetts,  whence  the  volcanic  lava  flowed  which  now  covers  a 
series  of  basaltic  prominences  which  form  the  northern  part  of  Long 
Island  Sound."  And  this  as  late  as  1830-1832!  Yet  the  Rensselaer 
school,  where  Eaton  was  teaching,  was,  and  continued  to  be  for  many 
years,  the  chief  training  school  for  American  geologists.  Fortunately, 
his  students  were  taught  to  tkitik  and  not  to  blindly  follow. 

fkton  claimed  at  this  date  (1832)  to  have  devoted  more  time  and 
labor  to  American  geology  than  any  other  individual,  and  credits  Gen. 
Stephen  Van  Rensselaer  with  having  furnished  the  necessary  facilities. 
"I  made  the  first  attempt,"  he  wrote,  ."at  a  systematic  arrangement 
of  American  rock  strata."  The  various  discoveries  which  he  thought 
might  be  claimed  as  having  been  made  under  the  auspices  above  noted 
are  as  follows: 

(1)  That  each  of  the  classes  of  rocks  always  begins  with  a  Carbonif- 
erous slate  and  terminates  with  calcareous  rocks,  having  a  middle 
formation  of  auartzose. 

(2)  The  discovery  of  ferriferous  stratum  containing  argillaceous 
iron  ores,  and  which  extends  unbroken  from  near  Utica  to  the  extreme 
termination  of  Lake  Ontario,  in  Upper  Canada. 

(3)  That  the  bog-ore  properly  belongs  to  the  Tertiary  formation. 

(4)  That  talcose  slate  is  the  gmnd  repository  of  hematitic  iron  ore, 
peroxide  of  manganese,  and  native  gold. 

(5)  That  the  Corniferous  lime  rock  is  the  true  carboniferous  only. 

(6)  That  crystalline  granite  is  not  entitled  to  a  place  among  general 
strata,  as  it  is  never  found  other  than  as  a  bed  or  vein. 

(7)  That  granular  quartz  rock  and  granular  lime  rock  are  entitled  to 
a  place  among  general  strata. 

(8)  That  all  primitive  rocks,  excepting  granular  quartz  and  lime 
rocks,  are  contemporaneous. 

(9)  That  there  is  evidence  of  a  diluvian  stratum  having  been  depos- 
ited near  the  termination  of  the  deluge,  which  formed  an  universal 
mantle  about  the  earth. 

In  discussing  the  "regular"  deposits,  he  wrote: 

They  exhibit  grounds  for  conjecture,  if  not  absolute  demonstration,  that  the 
surface  of  the  earth  had  undergone  five  general  modifications  which  no  animals 
survived.  Four  of  these  modifications  were  followed  by  as  many  new  creations  of 
animals,  two  new  creations  succeeding  the  final  depositions  of  all  regular  strata.  In 
the  whole  there  appeared  to  have  been  five  creations  of  animals  at  least,  and  per- 
haps ten,  since  the  primitive  mass  of  earth  was  formed. 


Digitized  by  VjOOQ IC 


300  REPORT    OF    NATIONAL    MU8KUM,   1904. 

In  his  chapter  on  soils,  it  is  instriurtive  to  note,  he  recognized  and 
emphasized  a  principle  now  generally  accepted,  to  the  effect  that  the 
fertility  of  the  soils  does  not  depend  upon  ultimate  chemical  constitu- 
tion, but  rather  upon  physical  properties;  that  a  fertile  soil  should 
contain,  first,  sufficient  stones  and  pebbles  to  keep  it  open  and  loose; 
second,  sufficient  clay  to  absorb  and  hold  water  in  the  rigbt  propor- 
tion; and  third,  sufficient  fine  sand  to  prevent  the  clay  from  baking  in 
time  of  drought. 

That  the  fertility  of  a  soil  could  not  Ik*  told  by  a  chemical  analysis 
had  been  stated  by  him  some  years  earlier,  as  follows: 

Suppose,  in  one  specimen,  the  soil,  etc.,  should  he  quartz,  in  another  feldspar,  in 
another  hornblende,  in  another  sapphire,  in  another  diamond,  would  there  be  any 
difference  in  the  influence  of  the  sand,  etc.,  upon  the  productive  quality  of  the  soil 
on  account  of  the  different  ultimate  elements  of  which  these  different  minerals  are 
composed?  Should  they  be  so  far  decomposed,  at  some  future  period,  as  to  become 
an  impalpable  |)owder,  perhaps  thev*  may  then  differ  in  their  influence  upon  vegeta- 
tion. Perhaps  we  may  foretell  the  future  state  of  the  country  a  century  or  two  to 
come,  where  such  extreme  disintegration  is  effected.  But  the  difference  in  the  ulti- 
mate constituents  can  not  possibly  affect  the  question  of  fertility  or  barrenness  at  the 
time  the  unalym  is  made.  For  whatever  effect  can  be  ascribable  to  the  one  is  equally 
a  property  of  the  other.  They  all  hold  water  on  their  surfaces  by  the  attraction  of 
adhesion;  they  all  keep  the  soil  duly  open  and  porous  to  give  passage  to  the  roots  of 
vegetables;  they  all  aid  alike  in  bracing  up  plants  and  in  keeping  them  in  a  fixed 
position,  etc.  Whatever  is  effected  by  one  is  effected  by  all— -size,  form,  quantity, 
and  all  circumstances,  other  than  their  constituent  elements,  agreeing. « 

To  this  second  edition  he  added  a  chapter  of  some  11  pages  on  the 
science  of  mining,  one  of  12  pages  on  localities,  and  5  pages  on  fossils. 
His  gradually  expanding  views  as  to  the  value  of  fossils  in  geological 
work  are  shown  in  his  paper  on  Geological  Equivalents  of  this  year 
(1832).  He  here  advanced  the  idea  that  the  enumeration  of  the  min- 
eral constituents  of  rocks  could  never  be  satisfactorily  applied  for  the 
determination  of  the  relative  position  of  strata,  but  that  recourse  must 
be  had  to  the  organic  i-emains.  ''  We  find  the  same  organized  remains 
associated  with  equivalent  stmta  in  every  part  of  the  earth."* 

If  we  are  to  judge  from  the  preface  of  the  edition  of  1830,  Eaton 
was  by  no  means  lacking  in  egotism,  and  had,  at  times,  an  unfortunate 
way  of  expressing  his  opinions,  such  as  must  have  aroused  antagonism 

«American  Journal  of  Science,  XII,  June,  1827,  p.  370. 

''The  first  edition  of  Eaton's  work  was  somewhat  savagely  reviewe<i  by  a  writer  in 
the  North  American  Review  foV  April,  1831.  From  its  perusal  one  might  be  led  to 
suppose  that  the  following  extract  from  a  letter  by  Eaton  to  Silliman  in  1839  had  a 
sounder  basis  than  Eaton  would  himself  \ye  likely  to  acknowledge.  He  wrote:  **I 
was  one  of  your  earliest  correspondents  on  geology,  consequently  it  is  to  be  presumed 
that  I  have  introduced  more  errors  to  the  public  through  your  journal  than  any  other 
individual.**  Most  writers  will  say  things  of  themselves  which  they  would  resent  if 
said  by  others. 
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in  the  minds  of  his  collaborators.     Thus,  in  referring  to  the  work  just 
mentioned,  he  wrote: 

A  text-book  is  too  small  a  name  for  these  days  of  puffing  arrogance.  But  I  propose 
to  present  all  my  supposed  heresies  to  the  geological  fraternity  in  this  form  and  under 
this  title.  And  I  b^  the  favor  of  the  most  rigorous  criticism  upon  this  book,  small 
as  it  is.  To  stimulate  men  of  science  to  the  work  of  examination  and  of  criticism,  I 
will  state  that  I  intend  to  publish  considerable  in  scientific  journals,  also  a  full 
system  upon  this  plan.  As  I  have  had  more  than  7,000  pupils  already  (rather 
auditors) ,  and  shall  probably  have  more  still,  it  will  be  well  lor  them  '*  to  be  on  the 
alert"  if  I  am  propagating  errors.  I  am  not  in  sport;  I  have,  during  the  last  fifteen 
years,  traveled  over  17,000  miles  for  the  express  purpose  of  collecting  geological 
materials,  the  results  of  which  are  comprised  in  this  little  octavo  pamphlet  and 
exhibited  in  the  accompanying  map  and  wood  cuts. 

I  may  be  accused  of  fickleness,  on  account  of  the  changes  which  appear  in  every 
successive  book  I  publish.  I  confess  this  is  the  ninth  time  I  have  published  a  geo- 
logical nomenclature,  and  that  I  made  changes  in  each  of  more  or  less  importance. 
But  I  have  always  consulted  my  scientific  friends,  and  every  change  was  founded  on 
new  discoveries  in  ** matters  of  fact" 

And  further  on: 

Students  for  whom  this  text-book  is  intended  may  feel  no  interest  in  anything 
personal  relating  to  myself.  But  I  will  throw  this  paragraph  in  their  way.  I  have 
been  accused  of  arrogance  for  stating  facts  relating  to  American  geology  without 
formally  bowing  to  European  authorities.  *  *  *  I  confess  that  this  is  a  kind  of 
**  ipse  dixit "  text-book.  It  is  so,  because  the  plan  does  not  admit  of  demonstration. 
In  a  future  publication  I  intend  to  cite  authorities  from  nature  to  illustrate  my 
views.  But  I  am  prepared  to  abandon  any  of  them,  as  I  have  frequently  done  here- 
tofore, in  cases  of  numerous  errors,  to  which  I  am  still  subject. 

Geology  is  a  progressive  science,  and  he  who  has  any  respect  for  his  future  repu- 
tation should  be  exceedingly  cautious  about  committing  himself  on  matters  of  fact 
or  speculation.  I  confess  that  I  have  most  egreg^iously  violated  this  rule,  but  there 
are  peculiar  circumstances  in  my  case,  arising  from  my  being  *'a  hireling  drudge" 
to  the  most  munificent  patron  of  this  science  (Stephen  Van  Rensselaer),  which  will 
palliate,  at  least,  if  not  justify. 

I  despise  arrogance;  but  I  am  within  sixteen  years  of  the  **  three  score  and  ten," 
when  the  mind  of  man  is  averaged  beyond  the  period  of  vigorous  effort.  About  two 
score  of  these  years  have  been  devoted  to  natural  science.  I  offer  this  as  an  apology 
for  some  dogmas  forbidden  to  youth. « 

In  July  of  1831  there  appeared  the  first  number  of  G.  W.  Feather- 
stonhaugh's  Monthly  American  Journal  of  Geology  and  Natural  His- 
tory.    This  proved  a  short-lived  but  vigorously  conducted  journal  in 

which  essays  on  geology,  as  understood  by  the  editor, 
jouraafofOcoiosy,    occupied  a  leading  part  in  each  number.     Troubles, 

financial  and  otherwise,  beset  the  venture,  and  amongst 
the  '*  otherwise"  may  be  mentioned  a  lack  of  appreciation  and  support 
where  he  apparently  had  a  right  to  expect  both.  '^So  that  a  work 
which  has  hitherto  been  stamped  with  general  approbation,     *     *     * 

"One  can  almost  imagine  him  saying  with  Emerson  **  What  is  well  done  I  feel  as 
if  I  did,  what  is  ill  done  I  reck  not  of." 
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has  not  been  permitted  to  have  a  single  subscriber  in  New  Haven,  the 
pretended  seat  of  an  American  Geological  Society,"  is  his  fierce  plaint 
in  the  ninth  issue." 

Featherstonhaugh  was  a  man  of  English  birth  and  some  means,  who 
came  to  America  when  quite  young  apparently  merely  through  love  of 

o  Featherstonhaugh*8  efforts  seem  to  have  been  better  appreciated  abroad  than  at 
home,  if  we  may  judge  from  the  following: 

The  editor  lays  before  his  readers,  with  a  just  pride  and  entire  satisfaction,  the 
following  communication  from  the  president  of  the  Geological  Society  of  London, 
and  other  distinguished  naturalists: 

London,  June  18,  18S1. 
My  Dear  Sir:  We,  your  undersigned  friends  in  England,  are  happy  to  learn  that 
you  propose  to  establish  a  new  periodical  work  in  the  United  States,  which,  in 
embracing  all  subjects  connected  with  the  natural  history  of  America,  is  to  be 
specially  devoted  to  the  accumulation  of  geological  facts  and  phenomena. 

Knowing  your  zeal  and  ability,  we  have  great  hopes  that  a  work  so  directed  will 
meet  with  every  encouragement  in  your  country,  and  we  are  certain  that  it  can  not 
but  be  of  service  to  the  cause  of  science  in  general. 

We  shall  at  all  times  be  desirous  of  aiding  you  with  any  communication  in  our 
power,  and  we  subscribe  ourselves. 
Yours,  very  faithfully, 

Roderick  Impey  Mitrchison, 

President  of  the  Geological  Society  of  London. 

Davies  Gilbert, 

Vice-President  Royal  Society. 

W.  D.  CoNYBKARE,  F.  R.  S.,  F.  G.  S.,  etc. 
A.  Sedgwick,  F.  R.  S.,  F.  G.  S.,  etc., 

FeUmv  of  Trinity  College,  Cambridge. 
Wm.  Buckland,  D.  D.,  F.  R.  8.,  etc., 

Chrigt  Church  College^  Oxford. 
George  Bellas  Greenough,  F.  R.  S.,  etc. 
Charles  Stokes,  F.  R.  S.,  etc. 

P.  S. — I  can  not  refrain,  in  particular,  on  my  own  part,  from  expressing  the  desire 
which  I  feel  for  the  appearance  of  the  proposed  publication,  as  likely  U>  conduce  in 
the  most  important  joints  to  the  effective  progress  of  geology;  to  ascertain  in  detail 
the  suite  of  formations,  and  the  series  of  organic  remains  distingui.^ihing  them  in  a 
new  continent,  so  widely  separate<l  from  the  old,  and  embracing  such  a  range  of  vari- 
ous climate.  So  to  cf^mpare  the  phenomena  with  those  of  Europe  has  ever  appeared 
to  me  the  most  material  desideratum  in  geology,  for  we  may  be  sure  that  any  analo- 
gies which  are  common  to  localities  geographically  so  distant,  and  placed  under 
physical  conditions  so  tlistinct,  are,  in  truth,  analogies  l)elonging  generally  to  the 
whole  glol)e;  and  thus  we  shall  obtain  data  adequate  for  the  foimdation  of  a  general 
geological  theor>'. 

Well  acquainteti  with  the  attention  you  have  jmid  to  the  formations  on  thissi<leof 
the  Atlantic,  1  am  convinced  that  the  execution  of  this  task  can  not  fall  into  more 
competent  hands. 

W.  D.  Conybeare. 

G.  W.  Featherstonhaugh,  Esti.,  Philadelphia, 
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tmvel.  Being  of  good  presence — standing  more  than  6  feet  in  height, 
well  educated,  and  an  accomplished  musician — he  easily  procured 
admission  into  the  best  of  society,  married  an  Ameri- 
Pei^emonhaavh.  ^an  girl,  and  established  himself  at  Duanesburg,  in 
New  York,  but  was,  apparently,  never  naturalized. 
He  appears  to  have  taken  an  active  interest  in  agricultural,  scientific, 
and  political  affairs,  and,  in  company  with 
Stephen  Van  Rensselaer,  became  one  of  the 
directors  of  the  railroad  from  Albafiy  to 
Schenectady,  a  charter  for  which  was 
granted  in  1826.  The  death  of  his  wife  and 
two  daughters,  however,  caused  him  to  leave 
Duanesburg  and  turn  his  thoughts  toward 
exploration  and  science.  He  therefore  re- 
moved to  Philadelphia,  where  he  established, 
in  1831,  the  journal  above  mentioned. 

In  1834,  and  again   in  1835,  he  was  ap- 
pointed a  Government  geologist,  but  his 
work  was  extremely  superficial  and  of  only 
historical  interest.     Concerning  his  work  in     fio.  2o.-oeorge  wiiiiam  Feathcr- 
the  elevated  country  lying  between  the  Mis-  ^  ^"    ^  ' 

souri  and  Red  rivers — the  Ozark  region— and  his  subsequent  work  in 
the  upper  Mississippi  region,  Whitney,  after  numerous  quotations, 
remarks:" 

From  the  above  it  will  be  seen  that  this  so-called  geological  reconnaissance  was 
aboat  as  worthless  rubbish  as  could  well  be  put  together,  neither  correctly  describing 
any  facts  which  came  under  their  author's  observation,  nor  giving  any  theoretical 
views  worthy  a  moment's  notice,  except  from  their  al>surdity. 

The  year  1831  seems,  on  the  whole,  to  have  been  singularly  une- 
ventful in  geological  history,  but  few  papers  of  importance  appearing, 
although  undoubtedly  a  large  amount  of  hard,  preliminary  work  was 
being  done. 

TenneMee,  1831-35. 

the  establishment  of  the  State  geological  survey  of 
Tennessee,  with  Gerard  Troost,  then  professor  of  geology  and  chem- 
istry in  the  University  of  Nashville,  but  formerly  of  Philadelphia,  at 
its  head.  This  survey  continued  in  existence  until  1845,  during  which 
time  eight  annual  repoits  were  made,  the  first  two  of  which  were  not 
published.  The  third  report,  made  in  October,  1835,  comprised  hut 
32  octavo-  pages  and  dealt  particularly  with  the  extent  of  the  coal 
formations  and  investigations  of  the  soil,  marls,  and  iron  ores.  It  was 
accompanied  by  a  geological  map,  in  which  the  coal  area,  colored  in  pink, 
was  indicated  as  extending  in  a  gradually  narrowing  belt  from  the  north- 
east to  the  southwest  in  the  region  lying  west  of  the  Tennessee  River. 

«  Upper  Mississippi  Lead  Region,  1862,  j).  80.      ^y  ^^>^O^lL 
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Troost's  fourth  report  appeared  in  1837,  in  form  of  a  pamphlet  of 
37  pages.  Of  these  the  first  20  were  given  up  to  a  general  exposition 
of  geology,  as  he  understood  it.  This  was  followed  by  a  description  of 
that  part  of  the  State  lying  south  of  the  Hiwassee 
Report  "im"?**  River  and  east  of  the  Tennessee,  and  known  as  the  Ocoee 
district.  A  map  of  this  district  and  a  colored  geolog- 
ical section  were  given,  the  latter  extending  in  a  general  northeast 
to  southwest  direition  from  the  Tennessee  River  to  a  point  near 
Nieajack.  The  entire  area  to  the  point  of  the  intersection  of  the  Chatta- 
nooga Creek  was  colored  as  occupied  by  ^'grauwacke,"  with  outcrops 
of  primordial  limestone  coming  to  the  surface  near  Co<|ua  Creek.  The 
region  to  the  west  of  Chattanooga  Creek  was  represented  as  underlaid 
by  mountain  limestone,  with  the  Coal  Measures  forming  Lookout 
Mountain  and  Raccoon  Mountain.  These  Carboniferous  rocks,  it 
should  be  noted,  were  indicated  as  unconformable  with  all  other  rocks 
of  the  region. 

The  fifth  annual  report  was  made  November,  1839,  and  comprised 
all  told  75  pages,  including  an  appendix.  This  was  accompanied  by 
a  colored  geological  map  of  the  State,  the  first  which  had  thus  far 
appeared,  and  also  a  colored  section  across  the  entire 
aSSSi  RejSrt.  State  from  Roane  Mountain,  in  Carter  County,  to 
Randolph,  on  the  Mississippi.  On  this  map  the  Roane 
Mountain  rock  was  colored  as  primordial,  mostly  granite.  An  area 
from  and  including  the  Smoky  Mountains  to  a  point  a  little  west  of 
Kingston,  on  the  Clinch  River,  was  colored  as  transition,  composed 
of  gmywacke,  slate,  limestone,  and  sandstone,  all  alternating  with  each 
other,  and  in  strata  highly  inclined  and  dipping  toward  the  southeast. 
From  the  last-named  point  to  the  Tennessee  River  the  country  was 
stated  to  be  underlaid  by  mountain  limestone  horizontally  stratified, 
upon  which  rested  the  Cumberland  Mountains,  composed  of  (^al- 
Measure  rocks,  mostly  horizontally  stratified,  and  the  Buffalo  and 
Harpeth  hills,  just  east  of  the  Tennessee  River,  which  were  put  down 
as  foimed  of  siliceous  stmta,  assuming  sometimes  an  earthy  appear- 
ance, sometimes  that  of  chert,  and  horizontally  stratified. 

The  region  west  of  the  Tennessee  was  given  as  mostly  occupied  by 
secondary  strata  composed  of  Cretaceous  marl,  greensand,  and  clay, 
horizontally  stratified. 

It  should  be  noted  that  Troost,  while  seemingly  recognizing  the 
importance  of  the  fossils  carried  by  the  rocks  of  various  ages,  did  not 
attempt  to  utilize  them  systematically  as  means  of  correlation.  On 
page  18,  however,  he  wrote: 

The  lowest  part  of  the  stratum,  where  it  is  near  the  encrinital  limestone,  often 
contains  members  of  Kncrinites,  and  other  fossils  of  that  stratum,  and  are  invariably 
of  a  calcareous  nature.  This  shows  that  the  formation  of  those  siliceous  strata  is 
more  or  lesn  contemporaneous  with  the  encrinital  strata. 


Digitized  by  VjOOQ IC 


AMERICAN   OEOLOOY — DECADE   OF   1830-1&39. 


305 


Green's  Monograph, 
1832. 


Fio.  21.— Jacob  Green. 


The  condition  of  paleontological  science  at  this  date  (1882),  so  far  as 
it  related  to  the  Trilohites  at  least,  is  shown  by  Dr.  Jacob  Green's 
Monograph  of  the  Trilobites  of  North  America,  a  duodecimo  volume  of 
93  pages  and  one  plate  of  ten  figures.  Thirty-three 
species  were  described.  In  a  supplement  bearing  date 
of  1835  this  number  was  increased  to  forty.  A  series 
of  casts,  examples  of  which  are  still  to  be 
found  in  many  of  our  educational  institu- 
tions, accompanied  the  original  publication. 

The  true  nature  of  the  Trllohlte  was  at  that 
time  not  well  understood.  Green  himself 
seems  at  lii*st  inclined  to  agree  with  Latreille, 
who,  owing  to  their  supposed  footless  con- 
dition, placed  them  intermediate  between 
the  Chitons  and  the  Articulates. «  Brong- 
niart,  Dekay,  and  others,  it  will  be  remem- 
bered, considered  them  as  belonging  to  the 
Eht(nii(Mr(i('ti, 

A  contemplated  chapter  on  this  brancli  of 
the  subject  remained  unwritten,  since  the  au- 
thor felt  that  all  matters  of  dispute  were '"  put 
to  rest  by  the  late  discovery  of  some  living  trilobites  in  the  southern 
seas."  Concerning  the  exact  position  in  the  zoological  scale  of  these 
''living"  fomis  there  still  exists  some  doubt.  Dr.  James  Eights,  who 
originally  described  them  under  the  name  of  Spa^ronia  hmmutifai^tnis^ 
seems  to  have  regarded  them  as  Isopods.  Emmons,  in  his  Geology  of 
the  Second  District  of  New  York,  on  the  other  hand,  referred  to  them 
as  Trilobites,  while  Zittel,  in  the  latest  edition  of  his  Handbook  on 
Paleontology,  refers  them  once  more  tx)  the  Isopods. 

Green's  ideas  as  to  the  value  of  fossils  as  indices  of  geological  age 
were  not  as  advanced  as  those  of  most  of  his  colleagues  or  as  his  time 
would  lead  one  to  expect.  After  quoting  some  of  the  prevalent  opin- 
ions, he  adds  in  a  footnote: 

Nothing  can  be  more  oppo8e<l  to  true  science  tlian  to  pronounce  on  priority  of 
formation  or  tlie  comparative  age  of  rocks  from  either  their  structure  or  the  organic 
remains  they  prenent. 

Concerning  Brongniart's  expressed  oi)inion  relativ^e  to  the  prepon- 
derating value  of  fossil  over  lithological  criteria,  he  wrote: 

This  seeniH  to  us  to  imply  an  admission  that  nothing  definite  can  be  inferred  from 
W\^  nature  of  the  Tocki^;  moreover,  tliat  between  the  nature  of  the  rock  and  the  organic 
remains  there  may  be  a  palpable  discrepancy.  *  *  *  The  event  has  proved,  from 
what  we  have  already  mentioned,  that  no  evidence  a-s  to  priority  can  be  obtained 
from  the  nature  of  the  fossil  remains  displayed  in  parti(!ular  strata. 


«The  7yilobit€8  have  since  been  shown  to  have  feet. 
NAT  MUS  1904 20 
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And  this  from  a  paleontologist! 

Although  the  geological  map  referred  to  on  page  219  was  the  most 

important  of  Maclure's  works  and  the  one  upon  which  his  fame  as  a 

geologist  largely  rests,  there  are  at  least  two  papers  of  later  date  that 

are  worthy  of  consideration.     The  first  of  these  beai*s 

th?WMt*indies,        the  title  Observations  on  the  Geoloefv  of  the  West 

1832 

India  Islands  from  Barbados  to  Santa  Cruz,  Inclu- 
sive. This  was  printed  for  the  author  in  pamphlet  form  in  1832, 
while  he  was  at  New  Harmony,  Indiana.  The  mineralogical  nature  of 
the  materials  composing  the  islands  was  noted  as  well  as  many  of  the 
structural  features.  He  thought  to  divide  the  islands  into  two  distinct 
classes  on  geological  grounds,  the  first,  or  most  eastern,  comprising 
the  islands  of  Barbados,  Marie  Galante,  Grande  Terre  in  Guadeloupe, 
Desirade,  Antigua,  St.  Bartholomew,  St.  Martin,  Anguilla,  and  Santa 
Cruz.  These  he  found  composed  mainly  of  shell-limestone  or  madre- 
pore rock  belonging  to  the  ti-ansition  class,  thpugh  sometimes  capped 
by  secondary  rocks.  The  second  class,  including  the  Grenadines,  St. 
Vincent,  St.  Lucien,  Martinique,  Dominica,  Basse  Terre  in  Guade- 
loupe, Montserrat,  Nevis,  St.  Christopher,  St.  Eustatia,  and  Saba^ 
were  more  or  less  volcanic  and  regarded  as  probably  thrown  up  from 
the  bed  of  the  ocean.  Such  an  origin  he  felt  to  be  proven  by  their 
containing  intermingled  masses  of  volcanic  rock  and  coral  or  mad  re-  * 
pore  limestone.  The  idea  that  volcanic  activity  was  dependent  upon 
combustion,  as  the  word  is  commonly  used,  still  prevailed  with  him, 
and  from  the  fact  that  the  line  of  islands  corresponded  closely  with 
the  strike  of  the  rocks  composing  them  he  thought  that  the  seat  of 
combustion  probably  existed  in  some  stratified  sui)stance  running  par- 
allel to  the  general  stratification  of  the  surrounding  rocks.  Further, 
since  he  found  on  the  islands  soufrieres  which  deposited  sulphur  as 
well  as  formed  alum  rock,  he  concluded  that  sulphur  was  one  of  the 
combustible  ingredients. 

Maclure's  second  paper  referred  to.  An  Essay  on  the  Formation  of 
Rocks,  or  an  Inquiry  into  the  probable  Origin  of  their  Present  Form 
and  Structure,  appeared  in  1888.  In  this  the  rocks  were  divided 
„    .  .  into  three  classes:    First.  The  Neptunian,  includinsf 

Madure  on  the  i    .    i         ^  ^  i      i  i  . 

Formation  of  Rocks,    those  plamly  of  aqucous  origm.     Second,  the  volcanic ; 

and  third,  those  of  doubtful  origin,  under  which  head 

he  would  place  gneiss,  mica,  and  clay  slate,  primitive  limestone,  sye 

nite,  granite,  greenstone,  et(^ 

In  1832  the  melancholy  Conrad  began  the  publicjition  of  his  work 

,  on  the  fossil  shells  of  the  Tertiarv  formations  of  North 

Conrad's  Tertiafy  of  *  i-v       i-,     i-v    ft        • 

North  America.         America.     Ihis  marks,  accordmg  to  Dr.  (_t.  D.  Harris, 
*'the  beginning  of  systematic  research  into  this  part 
of  our  continent's  history.'' 

The  work  was  published  in  parts  and  in  small  editions,  largely  at 
Conrad's  own  expense,  the  numerous  plates  of  illustrations  being  pre- 
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Edward  Hitchcock. 

Professor  of  Geology,  Amherst  College. 
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pared,  even  to  the  drawing  on  stone,  by  himself.  Nos.  1  and  2  appeared 
in  1832,  and  Nos.  3  and  4:  in  1833.  These  editions  early  became  ex- 
hausted, and  in  1893  a  new  edition  was  prepared  through  the  instru- 
mentality of  Doctor  Harris.  It  will  be  well  to  mention  here  that  a 
second  edition  of  his  Medial  Tertiary  fossils  was  brought  out  this 
same  year  by  Dr.  W.  H.  Dall,  working  in  conjunction  with  the  Wag- 
ner Free  Institute  of  Philadelphia. 

The  work  of  1882-33  contained  little  of  a  strictly  geological  nature, 
being  mainly  devoted  to  a  description  of  the  various  fossil  inverte- 
brates belonging  to  the  Tertiary  formations.  Conrad  divided  the 
Tertiary,  in  conformity  with  the  English  custom,  into  an  Upper  Marme 
formation,  a  Middle  Tertiary  formation,  and  a  Lower  Tertiary  for 
mation,  and  gave  the  geographic  extensions  of  each  so  far  as  they  are 
known. 

In  1830  the  legislature  of  Massachusetts  passed  a  resolve  authoriz* 

ing  the  appointment  of  a  surveyor  to  make  a  general  survey  of  the 

Commonwealth,  and  on  the  fifth  of  June  following,  on  the  recommen* 

dation  of  Governor  Lincoln,  further  authorized  the 

Hitchcock's  Survey  .  ^  ,^  .      ,  i  ,,  ,  i  . 

of  Massachusetts,      appomtmcnt  of  "  some  suitable  person  'to  make,  m 

1830    1833    1841 

connection  with  this  survey,  a  geological  examination 
of  the  region  involved.  On  February  2,  1831,  the  limits  of  the  geolog- 
ical survey  were  extended  so  as  to  allow  the  inclusion  in  the  report  of 
a  list  of  the  mineralogical,  botanicaf,  and  zoological  productions. 

Prof.  Edward  Hitchcock,  then  professor  of  chemistry  and  natural 
history  in  Amherst  College,  was  selected  as  the  ''suitable  person,"  and 
presented,  early  in  1832,  a  report  of  72  pages,  with  a  colored  geolog- 
ical map,  on  the  economic  geology  of  the  State.  Of  this  600  copies 
were  ordered  printed.  In  the  early  part  of  1833  reports  on  the  topo- 
gi-aphic  geology  (37  pages),  scientific  geology  (430  pages),  and  the  cat- 
alogues of  animals  and  plants,  with  an  appendix  containing  a  list  of 
the  rocks  and  minerals  described  (248  pages),  were  likewise  submitted. 

The  legislature  promptly  accepted  these  reports  likewise  and  ordered 
the  printing  of  1,200  copies,  including  a  reprint  of  the  report  first 
made.  Altogether  these  formed  an  octavo  volume  of  692  pages,  with 
numerous  figures  in  the  text,  and  a  folio  volume  of  19  plates,  includ- 
ing a  colored  map.  The  publication  of  this  report  marks  an  epoch  in 
American  geological  work,  since  it  brought  to  a  successful  conclusion 
the  first  survey  of  an  entire  State  at  public  expense.'*  It  is  true  that 
spasmodic  beginnings  had  been  made  in  North  and  South  Carolina, 
but  such  were  so  lacking  in  breadth  of  conception  and  failed  so  utterly 
in  execution  that  it  is  only  by  courtesy  that  they  can  be  considered  as 
geological  surveys  at  all.  Under  these  conditions  a  detailed  review  of 
the  contents  of  the  reports  will  not  be  out  of  place  here. 

«The  total  expense  to  the  State  of  the  three  years'  work,  excUisive^of  cost  of 
printing,  was  $2,030.  ^,y„.,,  ,y  ^OOglc 
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In  the  consideration  of  the  application  of  Beaumont's  theory  of 
mountains  to  those  of  Massachusetts,  Hitchcock  thought  to  find  six 
systems  of  strata  and  contemporaneous  uplift  in  the  State.  These  six 
systems  as  enumei-ated  are:  (1)  The  oldest  meridional  system,  (2)  the 
trap  system,  (3)  the  latest  meridional  system,  (4)  the  northeast  and 
southwest  system,  (5)  the  east  and  west  system,  and  (6)  the  northwest 
and  southeast  system. 

The  Hoosac  Mountains,  considered  under  his  oldest  meridional  sys- 
tem, he  regarded  as  due  to  two  different  epochs  of  elevation,  the  last 
taking  place  after  the  deposition  of  the  new  red  sandstone,  as  was 
shown  by  the  slight  dip  (15^  to  20  ')  of  the  latter,  while  the  slates  and 
gneisses  of  the  range  stand  nearly  vertical.  The  force  which  gave 
rise  to  mountain  uplift  he  regarded  as  gmvity  acting  on  the  crust  as 
the  nucleus  gradually  shrunk  away  in  process  of  cooling. 

Not  the  least  interesting  chapters  in  Hitchcock's  work  are  those 
relating  to  the  unstratified  rocks.  Here,  under  the  name  of  greenstone^ 
he  included  the  entire  series  of  basic  and  intermediate  eruptives  now 
classed  as  melaphvrs,  diabases,  and  diorites.  Their  mineml  composi- 
tion was  stated,  however,  as  hornblende  and  feldspar,  though  the  min- 
eral identified  as  hornblende  has  been  proven  by  modern  microscopic 
methods  to  have  been  almost  wholly  augite.  Columnar,  compact, 
amygdaloidal,  and  porphyritic  varieties  were  recognized. 

Concerning  the  igneous  origin  of  these  rocks  he  professed  little 
doubt,  and  he  accounted  for  their  appearance  in  the  form  of  continuous 
sheets  on  the  assumption  that  they  were  poured  out,  not  from  craters 
but  from  linear  openings  produced  by  the  shrinkage  of  the  earth's 
interior.  Thus  early  was  recognized  the  phenomena  of  fissure  erup- 
tions, as  later  developed  by  Geikie  and  others. 

Commenting  on  the  occurrence  of  the  greenstone  in  ''veins,"  as  at 
Nahant,  he  expressed  the  opinion  that  the  slate  in  which  these  veins 
occurred  could  not  have  been  solid  at  the  time  of  the  intrusion,  this 
on  account  of  the  size  of  the  fissures,  which  seemed  to  him  to  be  too 
wide  to  have  been  formed  })y  desiccation.  Evidently  the  possibility 
of  the  formation  of  these  fissures  by  dynamic  agencies  acting  on  con- 
solidated materials  was  not  then  realized. 

Under  the  name  oi  j)orphy)^  he  included  the  compact  eruptive  rocks 
now  classed  mainly  as  aporhyolites  or  quartz  porphyries,  such  as  form 
the  cliffs  at  Marblehead,  and  are  also  found  in  other  localities,  as  Hing- 
ham  and  Maiden.  Their  porphyritic  structure  he  thought  could 
result  only  from  igneous  solution.  The  base  of  these  porphyries  he 
stated  to  be  of  compact  feldspar,  which  he  regarded  as  formed  by  the 
melting  down  of  preexisting  feldspathic  rocks. 

The  slaty  structure  sometimes  shown,  and  which  is  now  recognized 
as  flow  structure,  he  regarded  as  representing  the  original  structure 
of  the  slaty  rock  from  which  the  porphyry  was  derived  by  fusion. 
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This  view  is  interesting  when  compared  with  those  put  forward  nearly 
half  a  century  later  ]>y  one  who,  working  under  the  misguided  T. 
Sierry  Hunt,  argued  in  favor  of  the  sedimentary  origin  of  the  entire 
series. 

Hitchcock  thought  it  probable  that  the  mica  slate  and  gneisses  of 
the  Hoosac  Range  passed  laterally  into  one  another,  owing  to  a 
decrease  in  the  amount  of  feldspar  in  the  gneissic  rock.  Such  a 
tmnsition  seemed  to  him  as  possible,  whether  the  ro(»ks  were  to  be 
regarded  as  direct  crystallizations  from  a(|ueous  solution  or  sedi- 
mentaries  crystallized  thi-ough  the  influence  of  heat.  He  himself 
w^a  inclined  to  the  belief  that  these  schists  and  gneisses  were  meta- 
morphosed sediments,  since  he  could  conceive  of  no  chemical  process 
by  which  such  a  variety  of  minerals  as  those  contained  by  them  could 
have  crystallized  out  simultaneously  from  solution.  Such  a  crystalli- 
zation, he  argued,  would  be  differential. 

He  utilized  this  same  argument  in  writing  on  the  origin  of  the 
granites.  These  latter  he  looked  upon  as  resulting  from  the  melting 
down  of  other  rocks,  gneisses  being  due  to  the  more  or  less  complete 
fasion  and  crystallization  of  feldspathic  sandstone.  The  deeper  lying 
portions,  which  were  most  highl}-  heated,  gave  rise  to  granitic  gneiss, 
and  those  further  removed  gave  rise  to  the  porphyritic,  lamellar,  and 
schistic  varieties.  It  will  be  of  interest  to  compare  these  views  with 
those  advanced  by  Clarence  King  nearly  fort}^  years  later. 

Hitchcock  classed  under  the  name  of  graywacke  the  siliceous  con- 
glomerate of  Dorchester  and  Roxbury  (now  considered  as  of  Cambrian 
age),  and,  indeed,  every  conglomerate  sandstone  and  fragmentary  for- 
mation that  was  older  than  the  red  sandstone  and  coal  formation,  thus 
avowedly  following  Humboldt.** 

Under  a  misapprehension  regarding  the  character  of  the  amygdules, 
he  included  under  the  name  of  varioloid  wack^  the  melaphyr  of 
Brighton  and  elsewhere,  as  well  as  other  altered  Paleozoic  lavas  found 
at  Hingham,  Needham,  and  Saugus;  also  the  siliceous  or  flinty  slates 
of  Nahant  and  jasper  of  Newport. 

The  red  sandstones  of  the  Connecticut  Valley  were  rightly  set  down 
as  belonging  to  the  New  Red,  he  having  identified  the  upper  portions 
of  the  bed  with  the  New  Red  sandstone  of  Europe  through  the  presence 
of  "vertebral"  remains  found  at  East  Windsor,  Connecticut,  and  Sun- 
derland and  other  localities  in  Massachusetts.  lie  still,  however, 
thought  it  not  impossible  that  the  lower  portion  of  the  beds  might  cor- 
respond to  the  Old  Red  sandstone  of  Europe.  It  will  be  remembered 
that  in  the  American  Journal  of  Science  for  1823  he  considered  these 
upper  beds  as  belonging  to  the  coal  formation,  on  account  of  the 
included  thin  seams  of  bituminous  coals. 


''HumlK)l(lt*8  KBsay  on  the  Trend  of  Kmks  in  the  Two  Hemispheres  appearad>in 

1822.  L.,y,u..uuy^^^^iV, 
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The  Tertiary  formations  of  the  State  he  divided  into  two  ijeneral 
groups,  the  most  recent  being  made  to  include  the  beds  of  blue  plastic 
clay  alternating  with  layers  of  white  siliceous  sand,  and  the  second 
division  the  plastic  clays  of  (xayhead  and  Nantucket. 

Naturally  the  drift  so  abundantly  distributed  over  the  surface  was 
attributed  to  the  action  of  the  Noachian  deluge.  ''That  seen  alx)ut 
Cape  Ann  can  not  fail  to  impress  every  reasoning  mind  with  the  con- 
viction that  a  deluge  of  tremendous  power  must  have  swept  over  this 
cape.  Nothing  but  a  substratum  of  syenite  could  have  stood  before  its 
devastating  energy." 

One  of  the  points  which  must  impress  the  reader  who  is  at  all  con- 
versant with  the  work  of  modern  physiographers  is  the  inability  of 
Hitchcock,  as  well  as  his  contemporaries,  to  understand  the  relation- 
ship existing  between  a  river  and  the  channel  in  which  it  flowed.  Dis- 
cussing the  course  of  the  Connecticut  River,  he  wrote:  ''The  ordinary 
laws  of  physical  geography  seem  here  to  be  set  at  defiance,"  and  '''  the 
geologist  will  be  surprised  to  find  it  crossing  the  greenstone  ridge"  at 
its  highest  part,  i.  e.,ihrough  the  gorge  between  Mounts  Holyoke 
and  Tom.  The  facts  that  he  deduced  from  this  and  other  like  illustra- 
tions are  that  "surely  the  Connecticut  River  did  not  excavate  its  own 
bed,  but  the  gorges  through  which  it  and  the  Deerfield  and  Westfield 
pass  were  excavated  to  a  considerable  depth  before  they  began  to  flow." 

The  student  of  to-day  need  .scarcely  be  reminded  that  the  river  did 
excavate  its  own  channel  and  ran  in  essentially  its  present  position 
before  the  warping  which  brought  the  trap  ridge  across  its  course  took 
place. 

Hitchcock  was  not  a  believer  in  the  doctrine  of  uniformitarianism; 
indeed,  while  perhaps  not  an  extreme  catastrophist,  he  combated 
vigorously  the  views  put  forth  by  Lyell  in  his  Principles,**  and  argued 
for  the  greater  intensity  of  geological  agencies  in  the  earlier  periods 
of  the  earth's  history.  Some  of  his  reasons  for  this  belief  are  worthy 
of  attention.  He  believed  the  continent  to  have  been  elevated  above 
the  ocean,  not  little  by  little,  but  by  a  few  paroxysmal  efforts  of  vol- 
canic force.  Since  this  force,  as  acting  during  the  past  four  thousand 
years,  seemed  too  feeble  to  result  in  the  elevation  of  a  single  mountain 
chain,  so,  he  argued,  it  nmst  have  been  more  energetic  in  previous 
epochs. 

The  fact  that  the  older  rocks  are  more  distorted  and  highly  meta- 
morphosed than  the  younger  was  also  regarded  as  indicative  of  the 
greater  intensity  of  the  earlier  productive  agencies.  Singularly 
enough,  the  near-shore  origin  of  beds  of  conglomerate  was  not  real- 
ized, the  occasional  occurrence  of  such  among  sedimentary  rocks 
being  regarded  as  due  to  the    "occasional    recurrence  of   powerful 

«The  firwt  edition  of  this  celebrated  work  appeared  in  1830s^ 

.,y,u..u  uy  Google 
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debacles  of  water,''  the  like  of  which  cjui  not  \}e  produced  by  any 
causes  now  in  operation. 

Concerning  the  origin  of  valleys  there  was  manifested  a  great  dearth 
of  knowledge.  '''I  am  in  doubt  whether  there  is  more  than  one  valley 
in  Massachusetts  that  is,  strictly  speaking,  a  valley  of  denudation/' 
that  being  the  one  lying  between  Mount  Toby  and  Sugar  Loaf.  The 
valleys  in  Berkshire  and  Worcester  and  possibly  also  that  of  the 
Merrimac  River  were  legarded  as  primary,  more  or  less  modified  by 
deluges  and  other  abrading  agencies. 

Accompanying  this  report  was  a  volume  of  nineteen  plates,  com- 
prising a  colored  geological  map  of  the  State;  nine  general  and 
special  views;  four  of  fossils;  a  map  of  the  valley  of  the  Connecticut; 
a  map  showing  the  direction  of  the  strata;  two  plates  of  sections, 
three  of  which  ran  in  an  east  and  west  direction  and  one  in  a  north 
and  south;  and  one  •*  tabular  view"''  of  the  rocks  and  their  imbedded 
minerals. 

On  the  map  the  rocks  were  colored  as  belonging  to  six  groups,  as 
below.  It  will  be  noted  that  there  is  no  attempt  at  other  than  a  litho- 
logical  classification  until  the  New  Ked  sandstone  and  Tertiary  are 
reached. 

1.  Granite. 

2.  Syenite. 

3.  Greenstone. 

4.  Porphyry. 

5.  Gneiss. 

6.  Hornblende  slate  associated  with  gneiss. 

7.  Quartz  rocks  associated  with  gneiss. 

8.  Mica  slate. 

9.  Quartz  rock. 
3   10.  Talcose  slate. 

11.  Chlorite  slate. 

12.  Hornblende  slate. 
jl3.  Limestone. 

(14.  Scapolite  rock. 

15.  (irauwacke. 
5   16.  Argillaceous  slate. 
17.  New  Red  sandstone. 

1 18.  Tertiary, 
em.  Diluvium. 

120.  Alluvium. 

Deposits  and  mines  of  useful  minerals  were  noted,  among  them 
being  plumbago,  coal,  peat,  lead,  iron,  copper,  and  manganese. 

The  drawings  of  fossils  and  the  general  views  were  the  work  of 
Mrs.  Hitchcock. 

In  1837  Doctor  Hitchcock  was  commissioned  by  Governor  Everett 
to  make  a    further   geological   and    minenilogical   survey^  in   which 
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economic  i)robl(Mii.s  should  be  of  priinarv  iniportanee.  His  report 
appeared  in  the  form  of  House  Document  No.  i}2^  under  date  of  188S. 
In  ISiii)  the  legislature  authorized  the  reprinting  of  all  the  reports, 
with  such  additions  and  corrections  as  the  author  chose  to  make.  This 
reprint  appeared  in  1S41  in  the  form  of  two  ([uarto  volumes  of  881 
pages,  the  first  126  of  which  are  given  up  to  a  discussion  Of  the  soils, 
their  kind,  origin,  and  fertility. 

Hitchcock  here  followed  closely  Sir  H.  Davy,  Berzelius,  and  S.  L. 
Dana,  and  dwelt  particularly  upon  the  problematic  geine,  a  substance 
resulting  from  vegetable  decomposition  and  supposed  to  contain  all 
the  essentials  of  plant  food.  This  part  of  the  work  is  of  interest  a.s 
containing  C.  T.  Jackson's  expressed  and  well-founded  doubt  as  to  the 
existence  of  such  a  body,  and  a  long  letter  from  S.  L.  Dana  attempt- 
ing to  prove  the  chemical  unity  of  the  compound.  Some  twenty  pages 
were  devoted  to  fossil  fuels,  with  especial  reference  to  the  anthracite 
of  Worcester,  Massachusetts,  and  of  Rhode  Island,  and  the  bituminous 
coal  of  the  New  Red  sandstone.  A  list  of  peat  bogs,  with  reference 
to  their  possible  availability  for  fuel,  wius  also  given.  Building  stones 
were  discussed,  and  two  pages  devoted  to  the  subject  of  rock  decay 
and  its  probable  cause.     Metallic  and  nonmetallic  ores  were  described. 

Man}^  of  the  views  expressed  in  the  early  reports  were  repeated  here 
with  but  slight  modification.  He  still  adhered  to  his  six  distinct 
systems  of  strata  which  were  tilted  at  various  epochs.  The  oldest, 
called  the  meridional  system,  embraced  all  the  primar}^  rocks  lying 
between  the  valleys  of  the  Connecticut  and  Worcester.  The  second, 
or  northeast  and  southwest  svstem,  included  the  gneiss  range  in  the 
southeastern  part  of  Worcester  County,  the  central  part  of  Middle- 
sex, and  a  part  of  Essex.  The  third,  or  east  and  west  system, 
included  the  gneiss  around  New  Bedford,  the  gray  wacke,  and  a  large 
part  of  the  syenite,  porph3'ry,  and  greenstone  of  the  State.  The 
fourth,  or  Hoosac  Mountain  system,  embraced  all  the  rocks  between 
the  Connecticut  and  Hudson  rivers,  except  the  trap  and  New  Red 
sandstone.  The  fifth  included  the  New  Red  sandstone,  and  the  sixth, 
or  northwest  and  southeast  system  of  rocks,  mainly  gneiss  occurring 
in  the  southern  part  of  the  State  bordering  upon  Rhode  Island.  In 
the  geologicjil  map  which  accompanied  this  report  he  employed  but 
six  colors,  which  marked  off  the  rocks  of  the  State  into  six  distinct 
groups,  the  members  of  each  of  which,  with  the  exception  of  the 
fourth,  were  so  neai'ly  lelated  that  he  thought  they  might  be  regarded 
as  belonging  to  the  same  foimation.  In  his  first  group  he  placed  the 
granite,  syenite,  greenstone,  and  j)orphyry;  in  the  second,  gneiss  and 
the  associated  hornblende  slate  and  (juartz  rock;  in  the  third,  mica 
slate,  with  the  associated  quartz  rock  and  hornblende  -slate,  t^ilcose 
slate,  and  chlorite  slate;  in  the  fourth,  limestone,  steatite,  and  serpen- 
tine; in  the  fifth,  metamorphic  slates,  gray  wacke,  argillaceous  skite, 
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ro:il  measures,  and  the  New  Red  sandstone,  and  in  the  sixth  ^roup. 
Eocene  Tertiary,  dihivium,  and  alluviiun. 

Hitehcoek  desenbed  the  Connecticut  as  flowing  through  a  synclinal 
valley,  a  valley  which  became  nearly  tilled  by  the  red  sandstone  deposit. 
This  last,  he  thought,  had  since  been  eroded  away,  so  that  the  valley 
as  it  now  exists  may  "in  some  sense'"  be  considered  ^'as  a  valley  of 
denudation."  Most  of  the  valleys  in  Massachusetts  he  still  regarded 
as  valleys  due  "to  the  elevation  and  dislocation  of  the  strata.'" 

He  noted  that  the  animal  rj[>mains  found  in  the  older  rocks  ditfered 
the  most  radically  from  the  existing  specie^,  and  also  that  the  organic 
remains  found  in  northern  portions  of  the  globe  corresponded  more 
nearly  to  existing  tropical  species  than  did  those  now  living  in  the 
same  localities.  Further  than  this,  he  announced  that  diflferent  species, 
genera,  and  families  of  animals  began  their  existence  at  very  different 
epochs  in  the  earth's  history,  and  that  the  same  species  rarely  extended 
over  from  one  formation  into  another.  Notwithstanding  this,  though 
giving  lists  of  fossils  found  in  rocks  of  various  horizons,  he  made  no 
attempt  to  determine  their  relative  ages  by  means  of  them  and  regarded 
correlation  by  such  aids  as  impossible.  Following  Phillips  and  Lyell 
in  many  of  his  statements,  he  yet  announced  as  a  principle  that  "  Rocks 
agreeing  in  their  fossil  contents  may  not  have  been  contemporaneous 
in  their  deposition,"  although  they  might  not  differ  greatly  in  age. 
"From  all  that  has  been  advanced,"  he  wrote,  "it  appears  that  an 
identity  of  organic  remains  is  not  alone  suflicient  to  prove  a  complete 
chronological  identity  of  the  rocks  widely  separated  from  each  other; 
but  it  will  show  an  approximate  identity  as  to  the  period  of  their 
deposition,  and  in  regard  to  rocks  in  a  limited  district  it  will  show 
complete  identity."  Where  both  the  mineral  nature  and  the  character 
of  fossils  were  identical,  identity  or  synchronism  would  be  much  more 
probable,  but  a  want  of  such  agreement,  so  far  as  it  related  to  mineral 
character,  was  not  regarded  as  fatal  to  the  idea  of  synchronism. 

He  argued  against  the  idea  that  the  stratified  primary  rocks  are 
merely  the  detrital  or  fossiliferous  rocks  altered  by  heat,  but  regarded 
them  rather  as  products  of  both  mechanical  and  chemical  action  by 
aqueous  and  igneous  agencies  when  the  temperature  of  the  crust  was 
very  high  and  before  organic  beings  could  live  upon  it. 

He  noted  that  the  dolomitic  rocks  seemed  genetically  related  to  the 
limestones,  but  his  ideas  as  to  the  methods  by  which  the  changes  had 
been  brought  about  were  naturally  somewhat  crude  when  considered 
in  the  light  of  to-day.  From  a  study  of  the  field  relations  of  the  dolo- 
mites of  Berkshire  County  and  other  localities  he  came  to  the  conclu- 
sion "that  all  the  cases  of  dolomitization  in  Massachusetts  occur  either 
in  the  vicinity  of  a  fault,  or  of  unstratified  rocks,  or  in  the  midst  of 
gneiss,  where  the  evidences  of  the  powerful  action  of  heut  in  the 
induration  of  the  limestone  and  the  obliteration  of  its  stratification  is 
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Fig.  129. 


as  great  as  results  from  the  presence  of  unstratified  rocks."  The 
actual  dolomitization  he  thought  to  have  been  ''probably  produced  by 
gaseous  sublimations,  chiefly  of  carbonate  of  magnesia,  which  pene- 
trated the  rock  after  it  had  been  softened  by  heat  so  as  to  be  perme- 
able." In  some  instances,  however,  he  thought  it  highly  probable  that 
magnesian  limestone  had  been  deposited  directly  from  thermal  waters. 
In  seeking  an  explanation  of  the  fact  that  in  passing  from  the  top 
of  Hoosac  Mountain  toward  the  Hudson  River  one  continually  meets 
newer  and  newer  rocks  which  always  appear  to  pass  under  the  older — 
in  other  words,  that  there  is  inversion  of  the  strata — he  came  to  the 
conclusion,  put  forward  with  some  hesitation,  "that  these  rocks  have 
actually  been  thrown  over  into  an  inverted  position,  or  rather,  have 
been  so  contorted  by  a  force  acting  laterally  that  one  or  more  folded 
axes  have  been  produced." 
The  same  feature  had  been  mentioned  in  his  report  for  1835,  but 

then  appeared  "'too  im- 
probable to  be  admitted." 
His  views  on  the  subject 
were  illustrated  by  a 
sketch,  copied  in  fig.  22; 
the  portion  above  the 
heavy  continuous  black 
line  being  conceived  to 
have  been  removed  by 
erosion.  Later  this  ob- 
servation was  claimed  to 
be  the  first  recognition 
of  the  true  character  of 
overturned  folds.  This 
was,  however,  disputed  by  H.  D.  Rogers,  who  claimed  to  have  made  and 
published  similar  observations  during  the  progress  of  the  New  Jersey 
survey  in  1838-89. 

Below  is  the  paragraph  upon  which  the  claim  of  Rogers  was  appar- 
ently based.  The  statement  is  made  in  the  course  of  a  description  of 
the  various  axes  of  elevation  that  have  given  rise  to  the  more  promi- 
nent physical  features  of  northern  New  Jersey. 

The  movement  which  elevated  Jenny  Jump,  seems  to  have  been  everywhere  one 
of  excessive  suddenness  and  violence,  as  the  strata  along  its  anticlinal  axis  are  not 
only  frequently  much  dislocated  and  broken,  but  those  lying  immediately  along  its 
northwestern  base  are  in  several  places  thrown  into  an  inverted  posture,  dippmg  not 
to  the  northwest,  but  in  toward  the  base  of  the  hill.^ 

a  This  is  probably  a  reflection  of  views  earlier  put  forward  by  Von  Buch  with  ref- 
erence to  the  dolomitcH  of  the  Tyrol. 
*  Geology  of  New  Jersey,  1840,  p.  55. 


Fig.  22.. 


-Folded  axes. 


(After  E.  Hitchcock.) 
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The  idea  wa8,  however,  brought  out  much  more  clearly  in  a  com- 
munication made  by  him  before  the  Association  of  American  Geol- 
ogists and  Naturalists  in  1841,  an  abstract  of  which  was  given  in  their 
Proceedings  and  in  the  American  Journal  of  Science  for  the  same 
year.  He  then  called  attention  to  the  "inverted  dip"  observable 
among  the  rocks  of  the  Coal  Measures  (of  Pennsylvania)  and  ascribed 
the  same  to  a  great  force  acting  laterally,  folding  and  crushing  the  axis 
so  as  to  produce  this  inverted  dip  by  tossing  the  strata  many  degrees 
bej'ond  the  perpendicular,  thus  producing  the  present  apparent  dip  of 
the  lower  stratifi^^d  or  sedimentary  rocks  beneath  the  primary. 

In  view  of  the  observations  made  by  Eaton  in  1820,  Steel,  in  1825, 
and  W.  B.  Rogers,  in  Virginia,  in  1838,  as  noted  elsewhere,  the  sub- 
ject of  priority  between  the  two  first  named  is  scarcely  worth  discussing. 

Heavy  demands  have  from  a  very  early  time  been  made  upon  elec- 
tric currents  to  account  for  all  sorts  of  geological  phenomena,  from 
the  formation  of  ore  deposits  to  the  production  of  slaty  cleavage,  or 
even  the  uplifting  of  mountain  ranges.  It  is  not  strange,  therefore, 
that  Doctor  Hitchcock  should  have  felt  justified  in  making  slight 
draft  upon  it  to  help  him  over  some  of  his  minor  difficulties.  The 
peculiar  imitative  and  otherwise  interesting  forms  assumed  by  the 
ferruginous  concretions  found  in  the  Connecticut  Valley  demanded  an 
explanation.  "I  know  of  no  agent,"  he  wrote,  '•^hat  could  have 
accomplished  this  (i.  e.,  the  separation  of  the  iron  from  the  menstruiun 
which  held  it  in  solution)  except  galvanic  electricity,"  and  again,  ''I 
strongly  suspect  galvanism  to  have  been  a  chief  agent  in  concretions 
of  every  sort." 

In  the  report  of  1833,  and  again  in  those  of  1835  and  1841,  Hitch- 
cock called  attention  to  the  peculiarly  flattened  and  otherwise  distorted 
pebbles  in  the  conglomemte  at  what  is  locally  known  as  Purgatory, 
near  Newport,  Rhode  Island.  His  description  is  important  in  view  of 
his  subsequent  writings  and  the  discussions  which  arose  in  connection 
therewith.  The  subject  may,  however,  well  go  over  until  his  later 
paper  of  1861  (see  p.  510). 

This  final  report,  coming  at  the  time  it  did,  naturally  attracted  much 
attention  and  favorable  comment.  From  a  brief  preliminary  review  in 
the  American  Journal  of  Science  the  following  paragraph  is  selected: 

If  we  reflect  that  the  vast  mass  of  facta  and  information  of  various  description?, 
and  the  reasonings  and  inferences  contained  in  these  columns,  are  all  the  result  of 
untiring,  nay,  almost  Herculean,  efforts  of  an  individual  mind,  continued  among  the 
harassments  of  constant  professional  duty  during  a  perio<l  of  ten  years,  we  are 
encouraged  to  hope  that  we  may  yet  see  the  day  when  the  united  efforts  of  our  small 
army  of  working  geologists  now  laboring  in  the  common  cause  shall  reduce  the  whole 
of  our  widespread  territory  to  an  intelligible  perfect  system. 

Although  our  sketches  have  thus  far  been  confined  largely  to 
Americans,  either  by  birth  or  adoption,  the  times  with  which  we  are 
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now  dealin^^  will  scarcely  permit  ns  to  overlook  the  explorations  of 
Jean  N.  Nicollet  throughout  the  Middle  West. 

Nicollet  was  l>orn  in  France  in  1790  and  came  to 
NiSuet***  America  in  1832  from  purely  financial  cjnsiderations, 

having  involved  not  merely  his  own  fortune  but  those 
of  friends   in   unfortunate  speculations.     His   main  scientific  work 
up  to  this  date  had  been  of  an  astronomical  nature,  and  it  is  perhaps 
natural  that  his  attention  in  a  new  country  should  have 
Work  In  turned  toward  exploration  and  map  making. 

From  1833  to  1838  he  was  engaged,  with  the  coop- 
eration of  the  War  Department,  though  without  financial  assistance, 
in  mapping  the  region  of  the  upper  Mississippi.  From  1838  to  1841 
he  was  in  the  employ  of  the  Government,  completing  the  surveys 
and  maps  thus  begun.  Other  work  of  like  nature  was  projected,  but 
before  plans  w^ere  matured  his  health  gave  way  and  he  died  in  1843. 
His  geological  work,  under  the  conditions  mentioned  above,  was 
therefore  of  comparatively  slight  importance,  excepting  as  calling 
attention  to  regions  as  yet  but  little  explored. 

He  claimed  to  have  tmced  the  Cliff  limestone  of  Owen  over  a  vast 
extent  of  country  in  the  Mississippi  Valley,  and  connecting  his  own 
work  with  that  of  Owen,  Locke,  H.  King,  and  others,  felt  justified  in 
assigning  the  Falls  of  St.  Anthony  as  the  northern  limit  of  the  forma- 
tion. In  this  he  was  correct.  He  added  to  the  knowledge  of  the 
geology  of  the  region  of  the  Sioux  and  Missouri  rivers  by  bringing 
in  important  Cretaceous  fossils,  both  vertebrate  and  invertebrate  in 
their  nature;  described  the  occurrence  of  the  Indian  pipestone  (Cat- 
linite)  of  the  Coteau  des  Pmiries  of  Minnesota,  and  correctly  described 
the  pseudovolcanoes  and  their  pumice-like  product  as  due  to  burning 
lignite  beds. 

The  second   American  edition   of  Bakewell's  Geology,  from  the 

fourth  London  edition,  was  printed,  as  was  the  first,  in  New  Haven 

and  under  Silliman's  supervision.     The  work  needs  notice  here,  as  it 

shows  Silliman's  gradually  expanding  views  and  dis- 

Second  American  ..  iiri         iii  ^  f   -  i  i 

Edition  of  BakeweU's  position  to  shake  otf  the  shacklcs  of  tradition,  though 
still  floundering  in  the  deep  waters  of  the  Noachian 
deluge.     Of  particular  interest  are  his  remarks  on  the  nature  of  geo- 
logical evidence  and  its  consistency  with  sacred  history.- 

Silliman  took  the  ground  that  there  was  no  reason  to  believe  that 
any  part  of  the  crust  of  the  earth  is  now  in  the  same  condition  as  first 
created,  every  portion  having  been  worked  over  in  accordance  with 
physical  laws  which  are  as  much  the  Creator's  work  a^  are  the  mate- 
rials upon  which  they  operate.  Unlike  some  of  his  predecessors  and 
contemporaries,  he  did  not,  however,  at  this  time  feel  it  incumbent 
upon  him  to  close  his  eyes  to,  or  even  to  distort,  any  evidence  that 
might  present  itself  in  order  that  it  might  not  conflict  with  the  state- 
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ment  of  sacred  history.  ''Any  attempt  to  disprove  the  truth  or  gen- 
uineness of  the  Pentateuch,  and  Genesis  in  particular,  is  wholly 
supei'fluous,  and  quite  aside  from  any  question  that  can  in  this  age 
be  at  issue  between  geologists."*  ''No  geologist  at  the  present  day 
ere>ets  any  system  upon  the  basis  of  the  scripture  history.''  But 
admitting  that  the  Mosaic  history  is  genuine  and  true,  he  felt  that 
one  might  with  historical  and  philosophical  propriety  conqmre  geology 
with  history  and  regard  historical  coincidence  with  observed  phe- 
nomena as  interesting,  "because  they  are  mutually  adjuvant  and  con- 
firmatory." As  with  other  workers,  including  even  some  of  the 
present  time,  he  found  most  that  is  confirmatory  in  a  study  of  the 
drift  or  ''diluvial,"  which  was  naturally  ascribed  to  torrential  action, 
and  perhaps  concomitant  with  the  universal  deluge  recorded  in  Gen- 
esis. After  a  somewhat  prolonged  discussion  of  the  meaning  of  the 
term  '^days,"  as  lused  in  Genesis,  he  gave  the  following: 

Table  of  caincidenrea  between  the  order  of  ei'tnts  as  described  in  Genesis  and  that  unfolded 

by  geological  investigations. 


In  Genesis. 


No. 


DiHt'overed  by  geology. 


Gen.  I.  1,  2.  In  the  beginning  i  1 
God  created  the  heavens  and 
the  earth.  And  the  earth 
was  without  form  and  void; 
and  darkness  was  upon  the 
face  of  the  deep;  and  the 
Spirit  of  God  moved  upon 
the  face  of  the  waters. 


3, 4, 5.  Creation  of  light. 

6,7^8.  Creation  of  the  expan- 
sion or  atmosphere. 

9,10.  Appearance  of   the  dry  ' 
land.  I 


2 


11, 12, 13.  Creation  of  shooting 
plants,  and  of  seed-bearing 
herbs  and  trees. 


I 


14  to  19.  Sun,  moon,  and  stars 
made  to  be  for  signs  and  for 
seasons,  and  for  days,  and  for 
years. 


It  is  impossible  to  deny  that  the  waters  of  the 
sea  have  formerly,  and  for  a  long  time,  cov- 
ered those  masses  of  matter  which  now  con- 
stitute our  highest  mountains; 


and, 
further,  that  these  waters,  during  a  long  time, 
did  not  support  any  living  bodies.— ^Juvier's 
Theory  of  the  Earth,  sect.  7. 


1.  Cryptogamous  plants  in  the  coal  strata. — 

Many  observers. 

2.  Species  of  the  most  perfect  developed  class, 

the  Dicotyledonous,  already  appear  in  the 
period  of  the  secondary  formations,  and 
the  first  traces  of  them  can  be  shown  in 
the  oldest  strata  of  the  secondary  forma- 
tion; while  they  uninterruptedly  increase 
in  the  successive  formations. — Prof.  Jame- 
son's remarks  on  the  Ancient  Flora  of  the 
Earth.. 
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Table  of  coincidences  between  the  order  of  ev^its  as  described  in  Genesis  and  that  unfolded 
by  geological  inrestigations — Continued. 


In  Genesis. 


No.' 


Discovered  by  geology. 


21).  Creation  of  the  inhabitantn 
of  tlie  waters. 


Creation  of  flying  things. 


21.  The  creation  of  great  rep- 
tiles. 


24,  25.  Creation  of  the  mam- 
malia. 


26,  27.  Creation  of  man. 


Shells  in  Alpine  and  Jura  limestone.— Hum- 
boldt's tables. 

Fish  in  Jura  Hmestone.— Humboldt's  tables. 

Teeth  and  scales  of  fish  in  Tilgate  sandstone. — 
Mr.  Mantell. 


Bones  of  birds  in  Tilgate  sandstone.  —Mr.  Man- 
tell,  Geological  l^nsactions,  1826^ 

Elytra"  of  winged  insects  in  calcareous  slate, 
at  Stonesfield.— Mr.  Mantell. 


It  will  be  impossible  not  to  acknowledge  as  a 
certain  truth  the  number,  the  largeness,  and 
the  variety  of  the  reptiles  which  inhabited 
the  seas  or  the  land  at  the  epoch  in  which  the 
strata  of  Jura  were  deposited. — Cuvier's  Os- 
sem.  Foss. 

There  was  a  period  when  the  earth  was  peopled 
by  oviparous  quadrupeds  of  the  most  appall- 
ing magnitude.  Reptiles  were  the  lords  of 
creation. — Mr.  Mantell. 


Bones  of  mammiferous  land  quadrupeds,  found 
only  when  we  come  up  to  the  formations 
above  the  coarse  limestone,  which  is  above 
the  chalk.  *> — Cuvier's  Theory,  sect  20. 


No  human  remains  among  extraneous  fos- 
sils.— Cuvier's  Theory,  sect.  32. 

But  founu  covered  with  mud  in  caves  of 
Bize. — Journal. 


Genesis,  VII.  The  flood  of  Noah, 
4,200  years  ago. 


The  crust  of  the  globe  has  been  subjected  to  a 
great  and  sudden  revolution,  which  can  not 
be  dated  much  farther  back  than  five  or  six 
thousand  years  ago. — Cuvier's  Theory,  32, 
33,  34,  35,  and  Buckland's  Reliq.  Diluv. 


a  Sheaths. 

ft  One  solitary  exception  is  since  discovered,  in  the  calcareous  slate  of  Stonesfield,  in  the  bones  of  a 
didelphis,  an  opossum,  a  tribe  whose  position  may  be  held  intermediate  l)etween  the  oviparous  and 
mammiferous  races. 

Perhaps  that  part  of  Professor  Silliman's  work  which  showed  the 
keenest  insight  into  geologicul  problems  is  that  relating  to  the  subject 
of  crystallization  in  rocks.  The  proximate  causes  of  the  phenomenon 
were  recognized  as  heat  and  solution. 

There  is  no  doubt  that  fire  and  water  *  *  *  have  operated  in  alt  ages  in  pro- 
ducing mineral  crystallization.  Of  these,  however,  fire  appears  to  have  been  by  far 
the  most  active,  *  *  ♦  and  there  is  every  reason  to  admit  that  even  granite  has 
been  melted  in  the  bowels  of  the  earth,  and  therefore  may  crystallize  from  a  state  of 
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igneous  fusion.  If  this  be  true  of  the  proper  crystals  of  granite  it  may  )>e  alwj  true 
of  the  imbedded  crystals  which  it  contains,  and  therefore  of  all  other  crystals. 
Those  which  contain  much  water  of  crystallization  may  present  a  serious  difficulty, 
but  perhaps  pressure  may  have  retained  the  water,  and  as  the  parts  of  the  mineral 
concreted  in  cooling  the  molecules  of  water  may  have  taken  their  place  in  the  r^ular 
solid.  Still  we  can  see  no  reason  for  excluding  water  and  other  dissolving  agents, 
acting  with  intense  energy  under  vast  pressure  and  at  the  heat  of  even  high  ignition, 
from  playing  a  very  important  part  in  crystallization.     (Pp.  433-434.) 

This,  it  will  be  observed,  is  essentially  the  aqueo-igneous  theory  of 
eruptive  rocks,  and  could  scarcely  be  improved  on  to-day.  In  this 
connection  it  is  well  to  remember  that  Edward  Hitchcock,  in  his 
Geology  of  Massachusetts,  1833  (see  p.  309),  inferred  the  igneous  origin 
of  granite  from  its  crystalline  structure,  "since  substances  held  in 
solution  always  crystallize  in  succession,  while  in  granite  we  have  a 
solid  crystalline  mass  of  three  or  four  distinct  substances  which  evi- 
dently crystallized  contemporaneously." 

The  tendency  to  generalize  on  insufficient  data  is  evidently  inherent 
in  the  human  race,  and  it  was  to  be  expected  that  it  should  early  make 
its  appearance  in  so  promising  a  field  for  speculation  as  geology.  It 
Eaton's  NoUons  ^^^  therefore  not  sui*prising  that  Eaton,  after  his 
R^i^Moaiitaiiis,  many  years  of  study  in  the  eastern  United  States, 
^^^'  should  have  ventured  opinions  concerning  the  little- 

known  West.  Basing  his  statements  on  observations  made  by  a  Mr. 
John  Ball,  at  one  time  a  student  of  his,  he  wrote  in  1834: 

The  geology  of  the  country  west  of  the  Rocky  Mountains  is  remarkably  simple  and 
uniform.  The  general  underlying  rock  is  the  red  sandstone,  which  some  English 
geologists  call  Saliferoua  rock,  and  which  characterizes  the  red  sandstone  group  of 
De  La  Beche.  It  is  the  same  which  contains  the  salt  springs  of  the  western  part  of 
the  State  of  New  York,  and  which  underlies  the  basaltic  rot^ks  (greenstone  trap)  of 
Connecticut  and  Hudson  rivers.  *  *  *  Wherefore  the  geology  of  the  east  and 
west  sides  of  the  Rocky  Mountains  is  remarkably  alike.  Mr.  Ball  says  the  Rocky 
Mountains  rises  up  from  the  midst,  as  it  were,  of  a  horizontal  sea  of  red  sandstone, 
as  if  some  tremendous  force  had  driven  it  upward,  like  an  island  forced  up  from  the 
depths  of  the  ocean.  *  *  *  Mr.  Ball  considers  almost  the  whole  country  as  vol- 
canic *  *  *  near  the  west  side  of  the  Rocky  Mountains.  *  *  *  Mr.  Ball 
found  first  graywacke  and  sparry  lime  rock.  But  he  soon  entered  upon  the  red 
sandstone  region,  which  continues  as  the  basis  rock  to  the  Pacific.  *  *  *  The 
country  is  often  very  mountainous  along  the  route  to  the  Pacific,  but  the  mountains 
are  red  sandstone,  grey  pudding  stone,  or  basalt.  Such  is  the  simplicity  and  uni- 
formity of  the  geology  of  the  vast  region  west  of  the  Rocky  Mountains  that  it  can  all 
be  told  in  one  sentence  of  six  lines. 

It  may  be  well  to  add  that  Mr.  Ball  himself  took  exception  to  some 
of  the  conclusions  drawn  by  Professor  Eaton,  and  later  published  in 
the  same  journal  his  own  views  on  the  subject.  These  may,  however, 
be  passed  over  here  without  comment. 
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The  two  most  iinportiint  original  contributions  of  tlie  year  1888  were 
Hitchcock\s  Massachusettjs,  already  noted,  and  Isaac  Lea^s  Contribu- 
tions to  Geology,  the  latter  dealing  with  the  Tertiary-  of  Alabama, 
Maryland,  and  New  Jersey.  In  Lea's  work  there  were 
toOeo^rJr'iSaa?"*  brought  prominently  forward  for  the  first  time,  by  an 
American  writer,  the  striking  changes  that  had  taken 
place  in  the  introduction  of  the  Tertiary  fauna  and  the  close  relation- 
ship existing  between  that  fauna  and  the  fauna  of  the  present  day. 

Out  of  some  two  hundred  and  fifty  species 
of  invertebmtes  found  by  Doctor  I^a  in 
the  bluffs  at  Claiborne,  Alabama,  two  hun- 
dred and  nineteen  were  not  referable  to  any 
known  species,  i.  e.,  were  not  found  in  any 
of  the  l)eds  older  than  Tertiary  and  were 
new  to  science.  It  was  in  this  work  also 
that  the  undoubted  presence  in  America 
of  beds  referable  to  the  Eocene  of  Lyell 
was  recognized,  although  the  chai'acter  of 
the  fossils  and  the  general  position  of  the 
beds  had  been  already  noted  by  Coni*ad 
(p.  307).« 

The  last  named,  the  year  following,  marked 
out  the  distribution  of  the  Eocene  in  Mary- 
land and  noted  the  occurrence  of  Pliocene  fossils  overlying  it  at  Vance's 
ferry  on  the  Santee  River.     The  Fort  Washington  beds,  formerly 
regarded  by  him  as  Eocene,  he  now  suggestx^d  to  be 
more  recent  than  Lea's  Claiborne  beds,  and  perhaps 
contemporaneous  with  the  Miocene  of  Europe. 
In  1884  there  was  organized  the  Geological  Society  of  Pennsylvania. 
According  to  its  constitution: 

The  objecte  of  the  society  are  declared  to  be  to  ascertain  as  far  as  possible  the 
nature  and  structure  of  the  rock  formations  of  the  State;  their  connection  or  com- 
Ormmlzation  of  the  P^"^^^^  ^'^^^  ^'^^  other  forinationw  in  the  United  States  and  of  the 
Oeoloflical  Society  of  rest  of  the  world;  the  fossils  they  contain,  their  nature,  positions, 
My  van  a,  .  ^^^^^  associations,  and  particularly  the  uses  to  which  they  can  be 
applied  in  the  arts,  and  their  subserviency  to  the  comforts  and  conveniences  of  man. 

This  society  continued  in  existence  but  four  years,  but  served  its 
apparent  purpose  in  bnnging  ainrnt  the  establishment,  in  1886,  of  the 
State  geological  survey  with   H.   D.   Rogers  at  its  head.     A  single 


Fig.  23.— Isaac  Lea. 


Conrad  on  the 
Distribution  of  the 
Bocene,  1834. 


«This  pubHcation  of  Tx^aV  led  to  a  misuncierstanding  with  Conrad,  or  rather  with 
Conrad's  friends,  Say  and  Morton,  who  felt  that  Doctor  lA»a  was  invading  Conrad's 
rights.  Doctor  Lea,  however,  worked  only  on  material  he  had  received  from  Judge 
Tait,  prior  to  Conrad's  entry  upon  the  field.  (See  Dall's  Determination  of  Dates  of 
PubHcation  of  Conrad's  Fossils  of  the  Tertiary  Fonnations,  Bulletia  pf  the  Philo- 
sophical Society  of  \Va>?hington,  Xll,  1893,  pp.  l'15-240. )  ^  j 
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volume,  in  two  parts,  of  ''Transactions,"  numbering  upward  of  400 
pages,  tells  the  story  of  its  brief  existence.  This  contains  papers  by 
authors  now  for  the  most  part  little  known.  R.  C.  Taylor  wrote  on 
fueoids  and  the  coal  fields  of  Pennsylvania  and  Virginia,  his  papers 
being  accompanied  by  numerous  sections;  James  Dickson  had  an 
Essay  on  the  Gold  Region  of  the  United  States,  all  comprised  within 
the  limits  of  16  pages;  Jacob  Green  had  a  paper  on  a  Sulphated 
Ferruginous  Earth,  and  a  Description  of  a  New  Trilobite  from  Nova 
Scotia.  Others  were  by  Richard  Harlan,  Gerard  Troost,  Thomas 
Clemsen,  and  H.  Koehler.  Few  of  the  writers  or  active  members 
achieved  other  reputation  than  that  given  by  the  single  publication, 
though  Taylor  became  an  authority  on  coal,  while  Harlan  and  Troost 
became  later  widely  known,  the  one  as  a  vertebrate  paleontologist  and 
the  other  as  a  geologist.  This  society,  it  is  well  to  note,  was  the 
second  geological  society  to  be  organized  in  America,  the  first  being 
that  at  New  Haven  in  1819. 

A  brief  paper  by  William  Aiken,  professor  of  natural  philosophy 
and  chemistry  in  Mount  St.  Mary's  College,. Mary  land,  published  in 
the  American  Journal  of  Science  at  this  time,  is  worthy  of  some  con- 
sideration as   bearing  upon   the   prevailing  theories 

WilliMB    Aiken's  ,.  .  i-f  i   •       .  .  i       ? 

Ideas  on  Moanuin  regardmg  mountain  uplift  and  incidental  phenomena. 

Professor  Aiken  wrote  on  the  geology  of  the  country 
between  Baltimore  and  the  Ohio  River,  and  gave  a  section  showing 
the  inclination  and  kinds  of  rocks. 

The  classification  conformed  with  that  prevailing  at  the  time,  the 
rocks  being  divided  into  (1)  a  primitive  series  in  the  immediate  vicinity 
of  Baltimore,  (2)  the  transition  slates,  sandstones,  and  conglomerates 
of  the  adjacent  county,  and  (8)  the  lower  {secondary  rocks  of  the  West. 
Noting  the  reversal  of  the  dip  existing  between  Hancock  and  Cum- 
berland, he  wrote:  -'  Beneath  this  space,  then,  we  are  authorized,  in 
concluding,  the  eruptive  power  that  was  instrumental  in  upheaving  the 
Appalachian  chain  was  most  energetically  exerted.  This  may  be  con- 
sidered the  true  anticlinal  region."  He  regarded  the  agent  so  eflicient 
in  throwing. up  mountain  chains  as  igneous,  '^an  opinion  that  gains 
confirmation,  if  any  is  needed,  from  the  occurrence  of  thermal  waters 
along  the  center  line  of  the  Allegheny  region.''  It  is  apparent  from 
this  that  he  agreed  with  Daubeny  and  other  European  geologists  as  to 
the  volcanic  origin  of  these  springs.  Roger's  paper,  ascribing  them  to 
the  other  causes,  did  not  appear  until  eight  years  later  (see  page  372.) 
In  ac^coixlance  with  a  resolution  passed  by  the  general  assembly  of 

Marvland,  February  25, 1834,  J.  T.  Ducatel,  geologist, 
Alexander's  Survey   aiui  J.  H.  Alexander,  a  civil  engineer,  were  appointed 

to  make  a  geological  survey  and  new  map  of  the  State. 
This  surve}'  inrntinued  in»exist(*nce  until  1840,  during  which  time 
three  annual  reports,  one  on  the  outlines  and  physical  j^eo^-aphy  c^ 
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Maryland,  one  on  the  new  map  of  Maryland,  and  one  on  the  Frostburg 
coal  formation,  were  issued,  the  latter,  however,  not  being  an  official 
publication. 

The  geological  reports  were  given  up  largely  to  a  discussion  of 
economic  matters,  such  as  the  character  of  the  soil  and  the  occurrence 
of  coal  and  oies  of  the  metals.  In  the  report  for  1833  the  occurrence 
of  fossiliferous  deposits  in  Prince  George  County;  at  Maryland  Point, 
in  Charles  County;  and  on  St.  Mary's  River,  in  St.  Mary's  County;  also 
at  Fort  Washington  on  the  Potomac,  were  noted,  but  none  of  the  fos- 
sils were  identified  nor  any  suggestion  made  as  to  their  probable 
geological  age,  although  that  portion  of  Maryland  was  later  referred 
to  as  being  occupied  by  Tertiary  rocks.  The  rocks  comprising  the 
upper  part  of  Cecil  Count3\  the  greater  portion  of  Ifeltimore  and  Har- 
ford counties,  the  upper  districts  of  Anne  Arundel  County,  and  the 
whole  of  Montgomery  Count}^  were  thought  to  be  generally  metal- 
liferous and  were  grouped  as  primary  or  primitive.  The  seipentinous 
rocks  were  looked  upon  as  of  importance,  as  likely  to  furnish  the  basis 
for  the  manufacture  of  epsom  salts,  a  not  uncommon  opinion  at  that 
time.  On  the  map  prepared  under  the  direction  of  Mr.  Alexander  the 
lithological  nature  of  the  underlying  roc*ks  and  the  character  of  the 
soil  were  indicated  by  names,  no  attempt  being  made  at  coloring. 

In  1835  Ducatel  visited  the  Eastern  Shore  of  Maryland  and  in  his 
report  for  that  year  gave  a  very  full  account  of  the  geography  and 
agricultui*al  conditionof  Dorchester,  Somerset,  and  Worcester  counties. 
He  announced  the  presence  there  of  considerable  deposits  of  greensand 
marl,  which  he  believed  would  be  of  great  value  to  the  agriculturist. 
In  1836  he  completed  the  geological  survey  of  Calvert  County  and 
made  extensive  examinations  in  Anne  Arundel,  Prince  George,  Charles, 
and  St.  Mary's  counties,  where  he  found  further  deposits  of  marl.  In 
this  same  year  he  examined  the  coal  and  iron  deposits  of  Allegany 
County  and  published  a  geological  account  and  section  of  the  beds. 

In  his  report  for  1838  he  gave  a  general  account  of  the  mineral  re- 
sources of  Harford  County  and  outlines  of  the  geology  of  Harford  and 
Baltimore  counties,  with  a  short  treatise  on  the  subject  of  lime  burning. 

This  survey  was  regarded  by  Ducatel  as  being  the  first  attempt  to 
connect  a  topographic  and  geological  survey. 

Ducatel  was  born  in  Baltimore,  where  his  father,  a  Frenchman, 
conducted  for  many  years  a  prominent  pharmaceutical  establishment. 
He  received  his  early  training  at  St.  Mary's  College  in  Baltimore, 
subsequently  studying  in  Paris.  In  1824  he  returned 
Sketch  off  Docatci.  to  America,  and  shortly  after  entered  upon  a  very 
successful  career  as  a  teacher  of  the  sciences  -chem- 
istry, philosophy,  mineralogy,  and  geology —serving  in  the  Mechanic's 
Institute  and  the  Tniversity  of  Maryland  in- Baltimore,  and  St.  John's 
College  in  Annapolis.  ^  j 

Digitized  by  VjOOQ IC 


AMERICAN   GEOLOGY DECADE   OF   1830-1839. 


323 


Fig.  24.— Julius  Timoleoii  Ducatel. 


In  order  that  he  might  devote  himself  more  fully  to  the  work  of  the 
survey,   he  severed  his  connection  with  the  institutions  of  learning 
about  1838.     The  move,  however,  proved  an  unfortunate  one,  as  the 
survey  was  shortlived  and  he  was  thrown 
back  upon  his  own  resources. 

In  184r6  he  visited,  in  the  capacity  of  a 
geological  expert,  the  Lake  Superior  mining 
regions.  Through  exposure  while  there  he 
contra(*ted  a  severe  illness,  which  left  him 
in  an  enfeebled  condition  from  which  he 
never  fully  recovered.  He  died  from  con- 
gestion of  the  lungs  in  1849. 

Ducatel  is  represented  to  us  as  a  man  of 
generous  traits  and  of  winning  character, 
ardent  and  entei*prising.  Physically  he  was 
short  in  stature,  with  square  shoulders,  black 
eyes,  dark  complexion,  and  face  strongly 
pitted  by  smallpox.     He  bent  forward  and 

walked  with  a  nervous,  energetic  step,  which  betokened  the  ceaseless 
activity  of  one  accustomed  to  work  and  think  for  himself. 

Few  publications  bear  his  name,  though  as  a  writer  for  the  journals 
of  the  day  he  is  said  to  have  been  quite  prolific.  His  principal  work 
was  a  Manual  of  Toxicology,  which,  it  is  stated,  was  well  received. 

In  July,  1S34,  G.  W.  Featherstonhaugh,  who  was  introduced  to  the 
reader  on  page  301,  was  authorized  by  Lieut.  Col.  J.  J.  Abert,  acting 
under  instructions  of  the  War  Department,  to  make  a  geological  and 
mineralogical  survey  of  the  ''elevated  country  lying 
sortey*! 834^"''*  *  between  the  Missouri  River  and  Red  River,  known 
under  the  designation  of  the  Ozark  Mountains."^  The 
8urve\'  was  duly  made  and  a  report  rendered  bearing  the  date  of  Feb- 
ruary 17,  1835.  This  comprised  altogether  97  pages,  the  first  42  of 
which  were  given  up  mainly  to  a  discussion  of  general  principles  not 
germane  to  the  report  at  all,  but  which,  as  indicating  the  condition  of 
mind  of  the  writer,  are  worthy  of  consideration.  He  regarded  the 
continents  and  islands  as  having  originated  through  an  expansive  sub- 
terranean force,  and  believed  the  mineral  veins  to  have  been  tilled 
from  below,  i-ather  than  from  above,  as  taught  b}^  Werner. 

Gmnite  was  regarded  as  an  igneous  rock,  and  designated  as  "ignige- 
nous."  Gneiss  he  recognized  as  often  passing  into  granite,  while  some 
of  the  primary  limestones  he  thought  to  have  possibly  ''come  from 
central  parts  of  the  earth,  in  a  state  of  aqueous  solution,  and  to  have 
subsequently  received  their  high  crystalline  character  from  being  in 
contact  with  ignigenous  rocks  in  an  incandescent  sbite."     To  the  com- 

«  TliiH  appears  to  have  l)een  the  first  formal  recognition  of  the  .science  of  geology 
by  the  General  Government.  Digitized  by  GoOqIc 
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nionly  reeeiv^ed  opinion,  that  all  coal  resulted  from  vegetable  matter, 
he  took  exception,  and  thought  that  some  beds  "•may  have  been  the 
result  of  outpourings  of  bituminous  matter/'  The  wide  geographical 
distribution  of  ("arboniferous  rocks  west  of  the  Appalachians  and  in  the 
Mississippi  Valley  was  noted,  and  a  section  given  comprising  1,520 
vertical  feet  of  these  rocks  and  overlying  shale  and  millstone  grit,  at 
Burkesville,  Kentucky. 

Passing  to  the  specific  part  of  the  work,  Featherstonhaugh  discussed 
the  occurrence  of  the  lead  ore  (galena),  its  distribution  in  loose 
pieces  in  the  soil,  and  its  relation  to  the  vein  material  in  the  solid 
rock,  but  the  fact  that  this  supei-ficial  layer  was  but  the  detritus  from 
the  decomposition  of  the  underlying  rock  does  not  seem  to  have  been 
realized  more  than  by  his  predecessors.  He  remarked,  however,  that 
the  disseminated  granules  in  the  limestone,  as  at  Isle  La  Motte,  fur- 
nished to  the  eye  "sufficient  proof  that  the  stony  and  metallic  matter 
were  deposited  at  the  same  time,"  an  idea  not  altogether  ditferent  from 
that  held  to-day.  Further  on  he  noted  the  occurrence  of  the  ore  in 
poi'kets  or  cavities  filled  with  red  cla}"  as  pointing  ''to  a  projection  of 
this  metallic  or  mineral  matter  from  below." 

He  described  the  hematite  deposit  of  Pilot  Knob,  Missouri,  and 
correctly  noted  the  improbability  of  finding  precious  metals  in  Arkan- 
sas in  paying  quantities.  Magnet  Cove  he  regarded  as  having  been 
perhaps  ''one  of  those  extremely  ancient  cmters  that  may  have  pre- 
ceded those  of  which  basalt  and  lava  are  the  products." 

Although  Featherstonhaugh's  standing  with  his  fellow-geologists 
does  not  seem  to  have  been  the  best,  some  of  his  recorded  observations 
certainly  show  a  more  philosophical  mind  and  greater  ability  to  gi-asp 
the  broader  problems  of  geology  than  do  those  of  many  of  his  contem- 
poraries. Thus,  discussing  the  muddy  character  of  the  Mississippi, 
he  suggested  that  experiments  might  be  conducted  to  show  the  amount 
of  sediment  annually  brought  down,  whereby  we  might  approximately 
assign  a  chronological  period  for  the  origin  of  the  river,  the  com- 
mencement of  the  alluvial  deposits,  and  the  withdrawal  of  the  ocean. 
This,  so  far  as  the  present  writer  is  aware,  is  the  first  suggestion  of 
its  kind  to  be  made. 

Commenting  on  the  fact  announced  by  him  in  182S  and  since  con- 
firmed, that,  with  the  exception  of  the  Tertiary  and  sub  Cretaceous 
beds  of  the  coast,  no  rocks  more  recent  than  the  coal-bearing  series 
had  been  found  in  the  Tnited  States,  he  suggested  that  tlie  American 
continent  might  in  reality  be  older  than  the  European.  This  also  is 
the  first  suggestion  of  its  kind  to  be  found  in  our  litemture. 

The  rei)ort  was  ac^'ompanied  by  a  colored  geological  section  extend- 
ing from  the  Atlantic  at  New  Jersey  to  the  Red  River  in  Texas.  On 
this  all  New  Jersey  and  Delaware  as  far  as  C'hesapeake  Hay  were  col- 
ored as  occupied  by  superficial  sand  and  sub-Cretaceous  beds;  Mary- 
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land  to  the  wost  of  the  Potomac  mainly  hy  primai  y  granites,  crneiss, 
and  slate,  with  a  narrow  band  of  transition  limestone;  Virjpnia  by 
transition  limestone  overlaid  in  part  by  graywacke;  Tennessee  })y 
graywackc  overlaid  at  the  Cumberland  Mountains  by  Carboniferous 
limestone;  Kentucky,  Indiana,  and  Illinois  by  Carboniferous  limestone; 
Missouri  and  Arkansas  by  Carboniferous  limestone  capped  by  calcareo- 
silieeous  hills,  and  Arkansas,  from  a  point  a})out  midway  between 
the  Fourche  and  Arkansjts  rivers,  by  graywaeke  capped  by  Old  Red 
sandstone  and  occasional  Tei'tiary  deposits,  with  sub-Cretaceous  beds 
beginning  again  at  the  Caddo  River  and  extending  nearly  to  the  Red 
River  in  Texas,  where  they  were  covered  by  a  ferruginous  sandstone. 
It  was  a  reprint  of  this  section  in  the  Transactions  of  the  Geological 
Society  of  Pennsylvania  that  Lesley  referred  to  in  his  Historical  Sketch 
of  Geological  Explorations  as  ^'a  rambling  description  and  a  worth- 
less geological  section  across  the  continent  from  New  York  to  Texas." 
In  1835  Featherstonhaugh,  again  under  instructions  from  Lieutenant- 
Colonel  Abert,  made  a  geological  reconnaissance  of  the  region  lying 
between  the  seat  of  government  and  the  Coteau  des  Prairies,  by  way  of 
Green  Bay  and  the  Wisconsin  Territory.  His  report,  issued  in  1836, 
formed  Senate  Document  No.  333,  comprising  168  pages,  with  4  plates 
of  sections  and  diagrams.  In  this,  as  in  his  first,  there  is  a  large 
amount  of  preliminary  matter  of  a  very  general  nature.  He  noted 
that  Washington  and  (reorgetown  were  underlaid  by  gneiss,  in  which 
were  perceived  evidences  of  an  *' extensive  anticlinal  movement  by 
which  all  the  rocks  along  the  entire  length  of  the  Potomac,"  as  high 
up  as  the  great  bituminous  field,  had  been  affected,  and  that  the  true 
dip  of  the  rocks  was  often  *' contradicted  by  the  cleavage."  This  was 
a  bj'  no  means  unimportant  observation.  The  erosive  action  of  the 
river,  as  manifested  by  potholes  in  the  schists  at  Great  Falls,  was 
dwelt  upon  and  the  Seneca  sandstone  and  Potomac  breccia  described, 
the  former  noted  as  often  carrying  anthracite  and  casts  of  calamites, 
but  no  suggestion  as  to  the  geological  age  of  the  beds  was  given.  The 
Catoctin  Mountains  were  described  as  *' composed  of  primary  slates, 
sandstones,  and  quartz  having  a  northeast  direction."  Referring  to 
the  relationship  existing  between  the  Potomac  breccia  and  the  lime- 
stones, slates,  and  shales,  he  wrote: 

We  thus  have  all  the  proofs  that  the  Atlantic  primary  chain  has  come  up  from 
below  throujrh  the  limestone,  trituratinj?  and  hreaking  it  up  into  fragments  of  every 
size,  which  were  8ul)sequently  trans{>orte(l  to  the  east  of  the  chain  by  a  current  from 
the  west,  and  deposited  there,  intermixed  with  the  decomposed  red  shale. 

He  concluded,  therefore,  that  the  Atlantic  primary  chain  was  ele- 
vated posterior  to  the  de{)osition  of  the  limestone,  '^  which  may  be 
considered  the  equivalent  of  the  lowest  beds  of  Mr.  Murchison's 
Silurian  rocks."  The  unsymmetrical  character  of  the  folded  sand- 
stones and  grits  at  Wills  Creek,  in  Maryland,  he  described  as  aifording 
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evidence  'Hhat  all  the  beds  had  been  bent  up  by  some  action  from 
below,  and  that  from  some  ine<iuality  in  the  action  or  from  some 
external  cause  the  bed  on  which  they  lay,  together  with  its  associated 
strata,  had  collapsed  toward  the  center  in  such  a  manner  that  they 
would  appear  to  have  been  thrown  up  into  a  vertical  position,  if  the 
uncurvated  part  had  been  concealed." 

In  remarkmg  on  the  constancy  of  the  phenomena  connected  with  the 
anticlinal  arrangement  of  the  whole  series  of  Allegheny  ridges,  he 
ascribed  their  origin  to  an  elevatory  undulating  movement,  whereby 
"some  parts  of  the  strata  were  forced  up  into  the  anticlinal  form,  in  a 
constant  magnetic  direction,"'  the  intervening  distance  between  each 
axis  or  ridge  being  at  the  same  time  probably  thrown  down  in  a 
ruinous  state.  As  the  land  arose  and  the  waters  retired  the  ruins 
would  gradually  be  borne  away,  leaving  the  valleys  as  we  now  find 
them. 

The  extensive  bituminous  coal  beds  of  Maryland  and  Pennsylvania 
were  described,  the  coal  itself  considered  as  due  to  plant  growth  in 
situ,  and  not  to  drift. 

The  presence  of  Carboniferous  limestone  about  8  miles  from  Nava- 
rino,  Wisconsin,  was  noted  and  also,  J)ut  erroneously,  at  the  Falls  of 
St.  Anthony,  in  Minnesota.  The  lead-bearing  beds  of  Dubuque, 
Iowa,  were  also  judged,  by  their  fossils,  to  be  Carboniferous.  In  this, 
also,  he  was  in  error. 

In  1835  there  was  organized  under  the  authority  of  the  legislature 
of  New  Jersey  a  State  geological  survey,  of  which  Prof.  H.  D.  Rogers 
was  made  chief.  The  survey  continued  until  18eS9,  the  final  report,  a 
volume  of  some  300  pages  and  a  colored  geological 
NJ5rjlify,7S35!*  "^*^Pi  bearing  the  date  1840,  the  first  annual  report 
being  issued  in  1836.  In  this  final  report  Rogers 
argued  that  nearly  the  whole  surface  of  the  region  occupied  by  the 
counties  of  Middlesex,  Monmouth,  Burlington,  Gloucester,  Salem,  and 
Cape  May  was  at  some  former  period  upon  a  level  with  the  top  of  the 
surrounding  hills,  as  shown  by  the  finding  of  sandstone  strata  always  at 
al>out  the  same  elevation  and  in  the  horizontal  position  in  which  it 
was  deposited.  These  hills  he  regarded  as  hills  of  denudation,  that  is 
to  say,  as  formed  by  the  washing  away  or  laying  naked  of  the  strata 
which  formed  the  surface  of  the  region  about  them;  but,  looking  at 
the  matter,  as  he  did,  through  the  eyes  of  a  catastrophist,  he  was 
unable  to  say  ""from  what  quai'ter  the  mighty  rush  of  waters  pro- 
ceeded which  swept  off  so  extensive  a  part  of  the  upper  rocks." 

In  view  of  the  great  diflference  of  opinion  which  luis  existed  and  still 
exists  in  the  minds  of  geologists  regarding  the  age  of  the  white  lime- 
stone near  Franklin  Furnace,  New  Jersey,  it  is  not  without  interest 
to  note  that  Rogers  himself  regarded  it  a«  having  })een  originally  the 
blue  limestone  of  the  district  invaded  at  some  period  by  mineral  veins 
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ill  a  highly  heated  or  molten  state,  whereby  was  eifected  a  series  of 
changes  similar  to  those  known  to  be  caused  by  injections  of  trap  into 
similar  strata. 

In  his  linal  report  Rogers  divided  the  rock  formations  of  the  northern 
division  of  the  State  into,  first,  a  group  of  primary  rocks  confined  to  the 
islands  and  the  vicinity  of  Trenton;  second,  a  group  of  older  secondary 
strata  confined  to  the  northwestern  portions  of  Sussex  and  Warren 
counties,  and  third,  a  group  of  middle  secondary  strata  lying  in  the 
broad  belt  of  country  between  the  southeastern  foot  of  the  Highlands 
and  the  boundary  connecting  Trenton  and  New  Brunswick.  With 
this  third  group  he  also  connected  the  trap  rocks  of  the  region. 

The  occurrence  of  graphite  in  the  altered  rocks  near  Sparta,  remote 
from  igneous  dikes,  and  its  nonoccurrence  in  more  than  very  trivial 
quantities  adjacent  to  the  dikes,  he  looked  upon  as  strongly  implying 
that  it  had  been  derived  ^'  from  the  elements  of  the  blue  limestone 
itself,  which  may  easily  be  proved  to  contain  an  adequate  quantity  of 
iron  and  carbon  for  the  production  of  this  mineral." 

The  great  thickness  throughout  which  this  limestone  had  undergone 
crystallization,  apparently  from  the  heating  agency  of  the  dikes  which 
traversed  it,  and  the  law  which  he  traced  in  the  development  of  some 
of  the  minerals,  aflbixled,  as  he  felt,  unquestionably  strong  support  to 
the  theory  that  gneiss  and  other  primary  strata  had  once  been  sedi- 
mentary rocks,  converted  by  an  intense  and  widespread  igneous  action 
into  a  universally  crystalline  state. 

The  presence  of  carbonate  of  copper  diffused  throughout  the  fissures 
of  the  shales  indicated  to  his  mind  that  a  considerable  portion  of  the 
metalliferous  material,  particularly  the  carbonate,  had  entered  the 
stmta  in  a  gaseous  or  volatile  condition  and  not  in  that  of  igneous 
fusion.  The  iron  and  zinc  deposits,  on  the  other  hand,  were  ''un- 
equivocally genuine  lodes  or  veins"  filled  with  ''matter  injected  while 
in  a  fused  or  molten  state"  and  not  beds  formed  contempomneously 
with  the  surrounding  rock. 

It  may  be  recalled  that  in  1820  Professor  Bakewell  visited  the  Falls 
of  Niagara,  and  on  his  return  to  England  published  in  the  London 
Magazine  a  short  memoir,  in  which  he  endeavored  to  show  that  the 
falls  were  once  at  Queenstown.  In  the  autumn  of  1846 
tbeOorseat  he  again  visited   the   falls  and   made  the  additional 

observation  that  the  river  at  one  time  probably  flowed 
through  the  ancient  gravel-filled  valley  extending  from  the  Whirlpool 
to  St.  Davids.  In  this  subsequent  research  has  shown  he  was  emi- 
nently correct.  Nevertheless,  his  observations  at  the  time  were  not 
wholly  accepted. 

In  1834  a  Mr.  Fairholme,  writing  in  the  London  and  Edinburgh 
Philosophical  Magazine,  accepted  BakewelTs  views  as  expressed  in 
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1820  and  put  forward  rertain  of  his  own  relating  to  the  rate  of  back- 
cutting  of  the  falls.  To  these  views  H.  D.  Rogers,  in  the  American 
Journal  of  Science  for  1835,  took  serious  exception.  He  believed  that 
the  channel  below  the  falls  had  been  formed  in  part  as  a  diluvial  val- 
ley and  by  some  far-sweeping  currents  which  denuded  the  entire  sur- 
face of  North  America  and  strewed  its  plains  and  mountains  with 
bowlders,  gravel,  and  soil  from  the  north.  ''The  passage  of  such  a 
body  of  water  over  the  surface  would  deeply  indent  all  the  exposed 
portions  of  the  land.  Rushing  in  a  descent  from  Lake  Erie  to  Lake 
Ontario,  from  a  higher  to  a  lower  plain,  and  across  a  slope  like  that  at . 
Queenstown,  it  would  inevitably  leave  a  long  ravine."  Commenting 
on  this,  Silliman  remarked  in  the  same  journal  that  an  earthquake 
might  possibly  be  instrumental  in  producing  at  once  such  a  crack  in 
the  strata  as  would  dmin  the  lakes  in  a  few  days  or  hours,  and  to  such 
an  agency  might  be  ascribed  the  channel  in  question.  (See  Hall's 
paper,  p.  384.) 

Rogers  was  born  in  Philadelphia  in  1808,  being  one  of  four  brothers —  - 
James  B.,  William  B.,  Henry  D.,  and  Robert  Empie — all  of  whom  rose 
to  distinction  as  geologists  or  chemists.  When  not  quite  twenty-two 
years  of  age  he  became  professor  of  chemistry  and 
RogS.**"''^'  natural  philosophy  in.  Dickinson  College,  resigning  in 
1881  for  the  purpose  of  going  to  Europe  to  complete 
his  studies.  He  returned  to  Philadelphia  in  1833,  and  in  the  ensuing 
winter  delivered  courses  of  lectures  on  chemistry  in  the  hall  of  Franklin 
Institute. 

In  1835  he  was  elected  professor  of  geology  and  mineralogy  in  the 
University  of  Pennsylvania,  and  was  also  appointed  by  the  legislature 
in  the  same  ye^r  to  make  a  geological  survey  of  the  State  of  New 
Jersey,  as  already  mentioned.  In  1836  he  was  made  State  geologist 
of  Pennsylvania,  and  it  is  upon  the  work  done  in  this  connection  that 
his  fame  as  a  geologist  chiefly  rests. 

In  1857  he  was  made  regius  professor  of  natural  histor}'  in  the  Uni- 
versity of  Glasgow,  being  the  tirst  American  to  thus  receive  a  foreign 
appointment.  As  was  the  case  with  his  brother,  W.  B.  Rogers,  he 
was  a  good  lecturer,  with  quiet,  gentlemanly  bearing,  never  failing  to 
make  a  favorable  impression  upon  hi.s  audience. 

His  work  in  Pennsylvania  showed  not  merely  great  administrative 
ability,  but  also  the  power  of  mastering  fully  the  ol)servations  of  his 
assistants,  making  therefrom  important  generalizations.  He  was 
unquestionably  the  leading  structural  geologist  of  his  time.  That  his 
generalizations  and  the  theories  he  doduied  will  Lot  in  all  cases  hold 
to-day  in  noway  reflects  upon  his  ability.  In  judging  his  work,  as, 
indeed,  judging  that  of  any  of  his  predecessors  and  contemporaries, 
one  must  take  into  consideration  not  merely  the  condition  of  knowl- 
edge at  the  time,  but  also  the  conditions  under  which  they  worked. 
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One  of  the  most  unique  figures  in  early  Auierienn  geology  was  that 
of  Dr.  James  G.  Percival.  This  man  was  born  at  Kensington,  Con- 
necticut, September  15,  1795^  and  graduated  at  Yale  College  in  1815, 
J.  G.  Percivai*s  after  which  he  studied  medicine,  receiving  the  degree 
Conn^cut  ^^  ^*  ^'  ^^  1^'^^?  ^^d  entering  upon  a  troubled  and, 

1835-1841.  -  iq  \^[^  friends,  troublesome  career,  which  terminated 

only  with  his  death  in  1856. 

lie  wrote  poems,  bex5ame  editor  of  a  newspaper,  was  a  proof  reader 
and  assistant  to  Noah  Webster  in  the  preparation  of  his  dictionary, 
and  received  a  Government  appointment  as  surgeon  at  West  Point  and 
afterwards  with  the  recruiting  sei*vice  at  Boston.  But  no  form  of 
practical  work  seemed  suited  to  his  taste,  and  he  gave  up  position 
after  position  that  he  might  devote  himself  to  literature. 

Peevish,  often  morbid  and  misanthropic  to  the  point  of  insanity, 
and  always  complaining,  truly  such  is  queer  material  from  which  to 
make  a  geologist.  "Slender  of  form,  of 
narrow  chest  and  with  a  peculiar  stoop,  a 
large,  fine  head,  dark  eyes,  and  inclined  to 
sharpness  of  features;  a  wardrobe  consisting 
of  little  more  than  a  single  plain  suit — 
brown  or  gray — which  he  wore  summer  and 
winter  until  it  became  threadbare.  He 
never  wore  gloves  nor  blacked  his  boots." 
Such  is  the  picture  held  up  to  our  view  by 
his  contemporaries. 

A  geological  and  mineralogical  survey  of 
Connecticut  being  organized  in  1835,  Per- 
cival was  given  charge  of  the  geology  and 
C.  U.  Shepard  the  mineralogy.  Shepard's 
report  appeared  in  1837.  .  It  comprised  all 
told  some  188  pages,  but  was  not  ac^companied  by  a  map,  sections,  nor 
by  figures  of  any  kind. 

PercivaPs  report  was  long  delayed,  making  its  appearance  finally  in 
1842.  It  would  seem  that  the  survey,  when  inaugurated,  was  expected 
to  be  but  a  superficial  one,  yet  Percival  was  engaged  upon  it  for  five 
weary  and  lal)orious  years,  each  year  rendering  his  researches  more 
minute,  until  he  had  collected  over  eight  thousand  specimens  and 
made  record  of  dips  and  bearings  still  more  numerous.  The  legis- 
lators demanded  a  report,  which  was  not  forthcoming,  and  finally,  in 
1841,  all  appropriations  were  withheld  and  an  abridged  report  pub- 
lished, much  against  Percival's  wishes.  This  volume  is  beyond  ques- 
tion one  of  the  least  interesting  of  any  issued  by  any  State.  A  dry 
mass  of  lithological  details,  with  little  or  no  discrimination  betw^een 
important  and  unimportant  matters — no  theories  nor  generalities.  No 
one  for  a  moment  will  question  that  Percival  had  been,  as  he  claimed, 


Fig.  25.— James  Gates  Percival. 


-'luiLi^eu  uy   ' 


ioogle 


»S30  REPORT   OP   NATIONAL   MUSEUM,  1904. 

"laborious  and  diligent,''  yet  the  reader  who  searches  from  cover  to 
cover  for  other  facts  than  lithological  charact^n'istics,  dip,  and  strike 
will  search  in  vain.  The  fact  that  the  trappean  outbursts  were  not  in 
straight  and  continuous  lines,  but  curvilinear  in  form  and  occupying 
a  series  of  nearly  parallel  fissures,  was  practically  the  only  break  in 
the  monotony  of  detail.     He  wrote  to  a  friend: 

I  liad  twice  surveyed  the  whole  State  on  a  regular  plan  of  sections  from  east  to 
went,  reducing  the  intervals  in  the  last  survey  to  an  average  distance  of  2  miles, 
thus  passing  along  one  side  of  each  of  the  nearly  5,000  square  miles  of  the 
State.  *  *  *  I  had  examined  all  objects  of  geological  interest,  particularly  the 
rocks  and  their  included  minerals,  with  minute  attention.  I  had  scarcely  passed  a 
ledge  or  point  of  rock  without  particular  examination. 

Peevish  and  complaining,  Percival  evidently  could  not  be  made  to 
understand  why  he  should  not  be  allowed  to  go  on  indefinitely,  render- 
ing a  report  when  he  himself  should  be  satisfied  of  its  correctness. 
With  such  a  disposition  the  average  country  legislator  naturally  had 
no  patience,  and  the  abridged  report,  a  volume  of  495  pages,  with  an 
uncolored  map,  was  finally  printed  in  1842,  as  already  noted. 

Though  written  by  a  poet,  it  is  utterly  lacking  in  imagination,  and, 
aside  fron^  its  dullness,  remarkable  only  from  the  fact  that  it  is  stated 
to  have  been  written  largely  from  memory.  The  subjects  considered, 
in  the  order  given,  were:  First,  the  rocks  or  consolidated  foi-mations; 
second,  the  loose  or  unconsolidated  formations;  third,  the  soils;  fourth, 
economic  results,  and  fifth,  the  physical  geography.  The  rocks  were 
all  classed  under  three  heads:  First,  the  primary;  second,  the  sec- 
ondary, and  third,  traps,  the  distinctions  made  l)eing  on  almost  purely 
lithological  grounds. 

In  1S53  Percival  was  employed  by  the  American  Mining  ('ompany 
in  exploring  the  lead  mines  of  Illinois  and  Wisconsin,  and  in  1854  wa*s 
appointed  State  geologist  of  Wisconsin,  as  noted  elsewhere.  He  died 
in  1S56. 

In  the  American  Journal  of  Science  for  1836  S.  P.  Hildreth,  later 
connected  with  the  geological  survey  of  Ohio,  published  what  was,  for 
its  time,  an  important  paper  relative  to  the  bituminous  coal  depovsits  of 

Ohio  and  the  general  geology  of  the  Ohio  Valley, 
wwic"" ohfo,  1836.  Although  Hildreth  was  inclined  to  indulge  in  specu- 
lations founded  upon  scanty  data,  his  paper  is,  never- 
theless, important  for  the  numerous  sections  of  the  coal  strata  and  as 
illustrating  the  condition  of  knowledge  at  that  day  relative  to  both 
coal  and  petroleum. 

Hildreth  was  one  of  the  first  to  recognize  the  enormous  amount  of 
subaerial  erosion  that  had  taken  place  throughout  the  region,  and  that 
the  Ohio  River  had  carved  out  its  own  channel.  He  felt,  however,  that 
in  times  past  the  precipitation  had  been  much  greater  than  at  present, 
and  the  abrasion  of  the  surface  by  rain  and  torrents  nmch  more  rapid. 

.,y, U..U  uy  Google 


AMERICAN    GEOLOGY DECADE    OF    18^0-1839.  881 

He  tliouj^ht  to  recognize  in  the  Muskingiun  Valley  Tertiary  and  Car- 
boniferous roeks  with  New  Rt^d  sandstone  on  the  extreme  southern 
border,  while  on  the  Clear  Fork  of  the  Little  Muskingum  he  noted 
the  occurrence  of  a  white  limestone  which  he  erroneously  assigned  to 
the  Lias. 

Considerable  attention  was  given  to  the  '*  muriatif erous "  rocks,  and 
he  noted  the  outcropping  of  a  5-foot  bed  of  coal  in  the  vicinity  of  the 
salt  deposit  as  "evincing  apparent  design  in  Him  who  laid  the  foun- 
dations of  the  earth  in  the  greater  abundance  of  coal  in  those  places 
where  it  would  be  the  most  useful,"  i.  e.,  in  the  evaporation  of  brine 
for  making  salt.  The  occurrence  of  petroleum  springs  on  the  Little 
Kanawha  he  thus  descril)es: 

By  opening  and  loosening  with  a  spade  or  sharpened  stick,  the  gravel  and  sand 
*  *  *  the  oil  rises  to  the  surface  of  the  water,  with  which  the  trench  is  partially 
filled.  It  is  then  skimnie<l  off  with  a  tin  cup  or  some  other  suitable  vessel,  and  put 
up  in  barrels  for  sale  or  domestic  uses.  In  this  way  from  50  to  100  barrels  are  col- 
lected in  a  season,  and  much  more  could  be  gathere<l 
if  demand  required.  In  the  adja(!ent  hills  is  a  thin 
bed  of  coal  *  *  *  but  the  source  whence  this 
petroleum  flows  must  l)e  deep  in  the  earth,  and  the 
material  which  furnishes,  vast  in  dimensions.  The 
process  is  one  of  nature's  hidden  mysteries,  carried 
on  in  her  secret  lalx)rat<)ry,  far  beyond  the  reach, 
and  inaccessible  to  the  curiositv  of  man. 


The  occurrence  of  gas  springs  he  also 
noted,  and  one  in  the  center  of  an  open 
ti-act,  ''given  to  the  public  by  the  liberality 
of  Washington,"  who  ''  viewed  it  as  an  inter- 
esting natural  phenomenon  which  no  parsi- 
monious individual  ought  ever  to  appropri- 
ate to  his  own  benefit,"  is  described  in  some  FiG.26.-samiiei  Prmott  Hiidreth. 
detail  and  the  same  reverential  spirit.  "  There  appears  to  be  no  dimi- 
nution in  the  amount  of  gas  from  its  first  discovery  to  the  present 
time.  The  same  Almighty  and  liberal  hand,  which  furnished  the 
perennial  fountains  with  water,  having  also  provided  this  gaseous 
spring  with  the  means  of  an  exhaustless  supply." 

Hildreth's  supposed  discovery  of  the  Liassic  age  of  the  white  lime- 
stone, noted  above,  was  later  disputed  by  John  Banister  Gibson, 
chief  justice  of  the  supreme  court  of  Pennsylvania,  who  clainu^d  the 
credit  for  himself.  Both  were,  however,  in  error,  as  shown  by  sul)- 
sequent  investigation. 

In  1836  there  was  organized  the  first  geological  survey  of  the  State 
of  Ohio,  and  W.  W.  Mather  appointed  chief  geologist. 

Mather's  Qtotof^ctd     ._,  _  .ji  j»ii 

Survey  of  Ohio.  ]  he  survcv  lasted  two  years,  seeming  to  have  fallen 

through  on  account  of  local  jealousies.     Two  animal 

reports  were  issued,  of  134  and  286  pages,  respectively,  both  bearing 

date  of  1838.  "^  "  ""  -y^^^^-^ 
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Matner  s  assistants  were  the  S.  P.  Hildreth,  just  iiumtioned,  who 
earl}"  resigned  on  account  of  ill  health;  J.  P.  Kirtland,  Dr.  rJohn 
Locke,  C.  Brijifgs,  jr.,  J.  W.  Foster,  and  Charles  Whittlesey,  the  last 
named  in  charge  of  topogi'aphic  work.  Mather's  own  work  was 
largely  of  an  economic  character,  and  he  showed  here  as  in  his  later 
work  on  the  New  York  survey,  a  lack  of  discrimination  or  ability  to 
judge  of  the  comparative  value  of  the  different  subjects  with  which 
he  had  to  deal. 

Hildreth's  report  must  be  read  with  a  certain  amount  of  allowance, 
since  his  ill  health  and  consequent  resignation  precluded  him  from 
making  certain  possible  modifications  of  his  earlier  statements.  He 
described  the  occurrence  of  New  Red  sandstone.  Lias,  Oolite,  etc.,  over- 
lying the  coal,  and  dwelt  to  a  considerable  extent  upon  the  possible 
value  of  the  buhrstone  and  also  upon  the  salt  springs. 

Locke's  report,  comprising  pages  201-286  in  the  second  annual,  was 
by  far  the  most  satisfactory,  showing  a  much  broader  gmsp  of  the 
general  subject  than  that  of  any  of  his  associates.  He  described  the 
rocks  below  the  coal  formation  as  having  evidently  been  deposited  in 
the  bed  of  a  deep  primitive  ocean,  though  he  failed  to  realize,  or  at 
least  ignored,  the  value  of  the  fossil  remains  in  which  the  rocks 
abounded,  his  classification  being  wholly  lithological.  As  pointed  out 
by  Orton,  moreover,  he  failed  to  correlate  the  members  of  the  series 
which  he  found  with  those  of  the  same  series  elsewhere. 

He  noted  the  immense  amount  of  drift  material,  and  also  the 
scratched  and  grooved  surface  of  the  underlying  rock,  describing  it 
as  ''planished  as  if  l)y  the  friction  of  some  heavy  body  moving  over 
it  and  marked  by  parallel  grooves."  He  regarded  such  as  having 
probably  been  formed  by  icebergs  floating  over  the  terrace  and  drag- 
ging gravel  and  l)ow  Iders  frozen  into  their  lower  surface.  In  this  he 
followed  Hitchcock. 

Briggs's  reports,  comprising  some  seventy  pages  of  the  first  and  sec- 
ond annuals,  contained  nothing  of  more  than  very  local  interest.  A  sec- 
tion was  given  showing  the  relative  position  and  thickness  of  the  strata 
in  the  counties  of  Wood,  Cmwford,  Athens,  Hocking,  and  Tuscarawas, 
but  no  attempt  was  made  to  refer  them  to  any  particular  geological 
horizon,  nor  was  the  value  of  fossils  recognized  at  all.  In  fact,  there 
was  but  the  briefest  allusion  to  fossils,  excepting  as  curiosities.  This 
seems  the  more  remarkable,  in  the  case  of  Locke  as  well,  w^hen  we  con- 
sider that  these  regions  are  peculiarly  prolific  in  invertebrate  remains 
and  the  very  important  role  such  have  since  been  made  to  play. 

To  Foster  was  assigned  the  geology  of  Muskingum  County  and  parts 
of  Licking  and  Franklin  counties.  He  classified  the  rocks  of  the 
various  formations  of  these  regions  as  Alluvium,  Tertiary,  Coal  Meas- 
ures, fine-grained  sandstone,  shale,  and  Mountain  limestone,  and  noted 
the  presence  of  remains  of  a  mastodon  and  acasteroides  in  the  alluvium. 
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Plate  15. 


William  Williams  Mather. 
Geologist  of  New  York  State  Survey. 
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Wbittiesey's  results  consisted  of,  first,  a  brief  pamphlet  of  some  eight 
pages,  relative  to  the  general  topography  of  the  State,  and  second,  a 
report  of  seventy-one  pages,  in  which  he  gave  geological  sections  of 
the  rocks  from  Cleveland  to  the  southeast  corner  of  the  Western 
Reserve,  with  miscellaneous  not«s  on  the  order  of  the  stiata  and  on 
coal,  limestone,  iron  ores,  mineral  springs,  etc. 

The  general  results  of  the  survey  may  be  summed  up  as  follows: 
The  principal  formations,  as  indicated,  beginning  with  the  oldest,  are 
first,  the  great  limestone  deposit  (Silurian  and  Devonian)  which  was 
erroneously  regarded  as  equivalent  to  the  Mountain  or  Carboniferous 
limestone  of  Europe.  This  was  found  in  Adams  County,  extending 
thence  to  the  western  portion  of  the  State.  It  was  felt  by  Locke  as 
not  unreasonable  to  suppose  that  the  particles  composing  it  were  once 
held  in  aqueous  solution  and  subsequently  deposited  in  tranquil  waters 
along  the  bottom  of  the  ocean.  This  ma}^  then  have  been  consolidated 
by  subterranean  heat.  Overlying  this  is  a  bed  of  shales  (Upper  Devo- 
nian) two  or  three  hundred  feet  in  thickness,  black,  fissile,  and  with  a 
fetid  odor.  Next  comes  Waverh'  sandstone,  the  series  being  thus  first 
named.  Fourth,  a  conglomerate  cropping  out  on  the  western  border 
of  the  Coal  Measures  and  varying  in  thickness  from  80  to  100  feet. 
Fifth,  a  lower  coal  series,  consisting  of  alternations  of  sandstone,  shales, 
limestone,  iron  ores,  and  coals,  some  300  feet  in  thickness.  Sixth, 
buhrstone.  Seventh,  the  upper  coal  series,  made  up  of  sandstones, 
shales,  coal,  iron  ores,  and  limestones.  Eighth,  the  Tertiary  deposits, 
under  which  head  he  included  the  prairies  or  barrens  in  the  western 
part  of  the  State,  and  the  pebble  beds  and  bowlders  of  primitive  rocks 
so  abundant  in  some  part«  of  the  Scioto  Valley;  and  ninth,  the  recent 
deposits,  including  as  such  those  now  forming  along  the  river  beds. 
The  beds  were  noted  as  having  generalh'  but  a  slight  dip  and  irregular 
undulations.  Ijocke  found  near  the  boundary  of  Ohio  and  Indiana  a 
summit  level  and  an  anticlinal  axis  from  which  the  strata  dipped  in 
opposite  directions,  eastwardly  in  Ohio  and  westwai*dly  in  Indiana. 
This  is  apparently  the  first  recognition  of  what  has  since  become  known 
as  the  Cincinnati  Uplift. 

Mather  was  educated  at  West  Point,  and  from  1829  to  1835  wtus 
assistant  professor  of  chemistry,  mineralogy,  and  geology  in  the  Mili- 
tary Academy.  While  there  he  published  (1833)  a  text- book  on 
geology,  a  miniature  sixteen-mo.  volume  of  some  139 
Sketch  of  jvuthcr.  pages,  which  seems  to  have  been  fairly  well  received 
at  the  time  and  is  stated  to  have  passed  through  sev- 
eral  editions.''     A   photographic  copy  of  one  of  the  pages  is  given 

«HealHo  publisheil  in  1H.'W  ii  l^page  pamphlet  entithMl  a  Sketch  of  the  (reolo^y 
and  Mineralojry  of  New  T^mdon  and  Windham  conntitt*,  in  Connecticut,  the  name 
being  accompanied  l)y  a  colored  geological  map. 
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below  to  show  the  general  character  of  the  work  and  the  now  aeeniing 
crudity  of  the  illustrations.^ 


STRATIFICATION* 
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the  strata  appear  to  rest  against  the  sides  of  the  mountain 
maeses;  d  beins  the  moun- 
tain, and  a  a,  b  b,  c  c,  similar 
strata  of  rocks. 

There  is  another  instance  in 
,  which  the  strata  may  not  ter- 
minate at  their  outcrop,  but 
appear  again  in  the  opposite  hill,  as  a  a,  but  b  6,  by  its 
prolongation,  would  pass  over  the  hill  C.  Where  the 
^  strata  are  nearly  hori- 

zontal   similar   strata 
are  almost  al  ways  found 
on  the  opposite  sides  of 
V    ^Vw    \^      "^^^     "^^  *  valley,  as   if  they 
x^  ^s^  ^s^      ^^^^       I   had  been  formerly  con- 
a  tinuous,  and  the  valley 

since  formed  by  some  powerful  cause. 

There  is  another  point  in  relation  to  stratification,  (and 
it  is  also  applicable  to  veinsy  in  rocks  that  are  not  stratifi- 
ed,) that,  from  its  practical  importance  in  mining,  should 
be  well  understood.  The  bed  of  coal,  or  vein  of  ore,  ap- 
pears suddenly  to  termin- 
ate. When  this  occurs,  the 
bed  may  be  found  again, 
either  above  or  below  its  o- 
riginal  level.  At  its  appa- 
rent termination,  a  fissure, 
or  else  a  different  kind  of 
rock,  occurs,  generally  in  the  form  of  a  vein,  as  c  c.  Re- 
peated observation  has  shown,  that  if.  at  the  apparent 
termination,  the  rock  cutting  it  off  inclines  towards  you, 
so  as  to  project  over  your  head,  the  bed  of  coal,  or  other 
ininerat,  lies  at  a  lower  level  on  the  other  side  of  c  c,  as 
though  the  mass  of  strata  on  one  side  of  the  vein  had  slid 
down  to  a  lower  level.    In  the  figure,  a  a  and  b  b  repre- 

Does  the  same  stratum  ever  appear  on  the  opposite 
sides  of  vallies  7  When  beds  of  coal  terminate  sudden^ 
If/i  can  they  be  regained  ?  and  how  ?  What  has  been 
observed  of  ihe  positions  of  the  beds  of  coal,  in  refer- 
ence to  the  sloping  of  the  vein  or  dyke? 

Fig.  27.— Page  from  Mather's  Elements  of  Geolog>'. 


«  A  copy  of  this  book,  in  the  possession  of  the  present  writer,  ha«  the  following 
printed  indorsement  pasted  on  the  inside  of  the  front  cover: 

[Recommendation  of  Profe8M)r  Silliman,  of  Yale  College.] 

Dear  Sir:  You  ask  my  opinion  of  the  Elements  of  (xeology,  for  the  use  of  schools, 
by  Wni.  W.  Mather.  I  think  that  it  is  a  judicious,  correct,  and  [>erspicuous  work- 
containing,  in  a  f*niall  compass,  a  solution  of  many  of  the  most  important  facts  and 
theoretical  views  in  geology,  and  that  it  is  well  adapte<l  to  the  object  for  which  it 
was  written. 

Yours,  re^spect fully, 

li.  Si  I. I.I  MAN. 

Mr.  Wm.  Lkster,  Jr. 

New  Haven,  June  18,  1834,  Digitized  byGoOQlc 
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Mather  revslgned  his  commission  in  1836  and  gave  up  his  time  wholly 
to  science.  He  was  for  a  short  time  professor  of  chemistry  and 
mineralogy  in  the  University  of  Louisiana,  but  in  1836  became  con- 
nected with  the  Ohio  State  survey,  and  afterward  with  those  of  New 
York  and  Kentucky,  as  mentioned  elsewhere. 

He  is  described  as  a  large  and  robust  man,  with  great  capacity  for 
physical  and  mental  labor — a  man  "equable  in  his  disposition  and 
gentle  in  his  manners,  considerate  of  others  and  just  in  his  judgment 
of  them,  modest,  but  manly  and  self-reliant  and  thoroughly  versed  in 
the  branches  of  science  to  which  he  devoted  himself." 

With  a  view  of  directing  the  attention  of  the  legislature  to  the 

important  subject  of  a  geological  and  agricultui-al  survey  of  the  State 

of  Georgia,  the  patriotic  citizens  of  Burke  and  Rich- 

QeoiSa^isaJJ^  *"     mond  counties  in  1836,  at  their  own  individual  expense, 

directed  Prof.  John  R.  Cotting — 

to  make  a  geological  and  agricultural  survey  of  their  respective  counties.  To 
examine  all  localities  of  limestone,  marls,  and  all  other  minerals  useful  in  agriculture 
and  the  artvS.  Also  rocks  that  may  be  proper  for  the  purpose  of  architecture,  the 
construction  of  roads,  railways,  etc.  To  examine  the  water  of  springs  and  wells 
with  regard  to  the  salubrity  or  insalubrity  of  the  same.  To  analyze  the  soils  on 
different  plantations  in  the  two  counties,  with  a  view  to  their  improvement.  To 
illustrate  the  whole  by  drawings,  diagrams,  and  a  chart  of  the  two  counties,  and 
to  present  a  report  of  the  same  to  his  excellency  the  governor,  in  order  that  it  may 
come  properly  before  the  two  branches  of  the  legislature  should  he  deem  the  subject 
of  sufficient  importance. 

In  conformity  with  these  instructions  Cotting,  in  the  latter  part  of 
March,  began  his  survey,  which  was  continued  for  eight  months,  the 
results  appearing  in  the  form  of  a  duodecimo  volume  of  198  pages, 
unaccompanied  by  drawings  or  maps  of  any  kind,  since  such  could  not 
be  made  within  the  State  and  the  time  assigned  for  publication  would 
not  permit  of  the  original  drawings  being  sent  north. 

The  work  was  divided  into  three  parts:  (1)  Topography,  (2)  eco- 
nomic, and  (3)  scientific  geology.  The  ideas  advanced  were  naturally 
largely  a  reflection  of  those  held  by  English  and  European  authorities. 
The  formations  were  divided  into  Tertiary,  Secondary,  Transition,  and 
Primitive.  Granite  was  recognized  as  an  igneous  rock,  but  it  does  not 
appear  that  the  fact  of  its  deep-seated  origin  and  subsequent  exposure 
by  erosion  was  taken  into  account. 

Many  of  these  rocks  [he  wrote]  occur  not  only  together,  forming  a  group  or  series, 
but  are  ejected  in  fragments  through  others  and  over  incumbent  strata  to  the  highest 
si^ries,  assuming  the  appearance  of  having  been  once  in  a  fused  state.  Thus  frag- 
ments beaCHng  all  the  features  of  having  been  fused  or,  at  least,  acted  upon  by  fire  or 
intense  heat,  occur  scatterwl  over  the  surface  or  imbedded  in  the  strata  of  the  Terti- 
ary and  Diluvial  of  this  district,  affonling  a  demonstration  that  this  region  of  country 
has  been  subjected  to  violent  internal  forces.  The  granite  or  syenite  exhibits 
marks  of  some  great  force  acting  laterally  and  perpeiulicularly,  which  has  rent  the 
mass,  heaved  it  up,  and  projected  some  of  the  fragments  to  a  great  distance.   ^^T^ 
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It  is  evident  here  that  he  considered  the  bowlder  sti-ucture  incident 
to  decomposition  as  original  and  due  to  method  of  extrusion. 

Some  interesting  views  regarding  volcanic  agenides  are  given  in 
discussing  the  possible  origin  of  the  buhrstone,  a  chalcedonic  rock 
caiTjing  abundant  cast**  of  shells.  The  material  as  found  occurred 
*'only  on  the  upper  part  of  eminences  and  the  edges  of  inverted 
cones."  This  he  seemed  to  think  offered  a  sufficient  demonstration  of 
its  igneous  origin,  and  he  would  account  for  its  uplift  on  the  theory 
of  submarine  explosions  taking  place  over  a  large  extent  of  sea  bottom 
simultaneously.  The  vehicular  character  of  the  buhrstone  he  likewise 
regarded  as  indicative  of  its  volcanic  origin.  ^'  It  is  highly  probable 
that  the  fused  mass  in  that  state  was  spread  over  the  bottom  of  the 
then  existing  ocean  and  that  these  vesicles  or  holes  were  the  effect  of 
water  converted  into  steam  by  the  influence  of  the  heat  of  the  mass." 
Inasmuch  as  the  fusion  of  silica  without  the  aid  of  some  other  con- 
stituent to  act  as  a  flux  is  a  phenomenon  unknown  in  nature,  such 
views  now  strike  one  as  somewhat  extraordinary.  Nevertheless  they 
were  in  accord  with  their  time. 

Although  no  use  was  made  of  fossils  in  attempting  to  ascertain  the 
relative  age  of  the  various  rocks,  he  nevertheless  recognized  the  fact 
that  they  indicated  a  sedimentary  origin.     He  wrote: 

Geological  investigation  has  led  to  the  conclusion  that  there  have  been  a  nunil)er 
of  deluges  at  different  periods  or,  rather,  that  the  oieanic  waters  have  swept  over 
the  land,  continued  for  an  indefinite  perio<i,  and  then  retreateii  several  timet*,  leaving 
their  debris  behind  them.  In  no  other  place,  perhaps,  is  the  truth  of  the  hypothes^is 
l)etter  estal)li8hed  than  in  this  region,  where  fossil  remains  of  different  animals  char- 
acterize different  formations,  as  it  is  evident  that  these  fossils  must  have  been  fonned 
from  animals  who  could  not  have  existed  under  the  earth,  but  on  its  surface  and  at 
the  bottom  of  the  then  existing  sea. 

This  well-meant  attempt  to  arouse  public  interest  proved  only  par- 
tially successful.  The  legislature  of  the  following  winter  adopted  a 
resolution  authorizing  the  governor  to  employ  a  suitable  and  well 
qualified  person  to  undertake  the  work  and  appropriated  $10,000  to 
carry  it  on.  Doctor  Little  was  thereupon  appointed  State  geologist, 
but  as  the  legislature  of  1840  abolished  the  office  nothing  of  value  was 
accomplished. 

For  but  the  third  time  in  this  history  we  are  called  upon  to  step 

beyond  the  limits  of  the  United  States,  and  for  the  second  time  upon 

the  soil  of  Nova  Scotia,  a  land  still  later  made  famous  through  the 

labors  of  Locfan  and  the  elder  Dawson.     In  1836  there 

workjn  appeared  a  volume  of  272  octavo  pages,  entitled  Re- 

Nova  scotia.  1 836.        *^.  X,      r^      ,  ,  ^c.  1  /xT      'o      .• 

marks  on  the  Cjeology  and  Minenilogy  of  hovh  Scotia, 

by  Abraham  Gesner.     This  had  been  preceded  only  by  Jackson  and 

Alger's  work,  and  was  for  its  time  unquestionably  a  riMiiarkable  book. 

A  geological  map  of  the  interior  of  the  peninsula  accompanied  the 

volume.     The  southwestern  border  was  colored  as  occupied  bv  primary 
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granites,  gneiss,  and  mica-slate,  this  being  succeeded  by  a  wide  belt 
(colored  blue)  of  transition  slate,  gray  wacke,  and  gray  wacke  slate,  and 
this,  in  its  turn,  by  a  broad  band  of  sandstone  (colored  red)  extending  up 
as  far  as  Westmoreland  County,  New  Brunswick.  The  broad  belt  of 
ti-ap  rocks  along  the  southwest  shore  of  the  Bay  of  Fundy  was  colored 
green.  Important  beds  of  iron  ore  were  indicated  in  the  transition 
slate  and  of  coal  in  the  red  sandstone.  These  districts  were  described 
in  considerable  detail,  and  attention  was  called  to  the  fact  that  the 
different  formations  corresponded  in  direction  and  general  character 
with  those  of  the  United  States. 

Gesner's  jdeas  regarding  the  uplifting  of  strata  and  the  causes  thereof 
were  not  at  all  in  advance  of  his  time.  Thus  writing  of  the  position 
of  the  slate: 

The  strata  are  variously  inclined,  and  in  some  cases  much  twisted  and  broken; 
but  generally  they  are  so  placed  as  to  support  the  opinion  that  the  primary  rocks 
under  their  southern  side  have  been  uplifted  by  some  violent  and  sudden  move- 
naent  which  has  thrown  the  neighboring  slate  in  its  present  leaning,  and  often 
perpendicular,  position. 

The  iron  ore  of  the  South  Mountains  he  regarded  as  of  aqueous 
origin,  such  being  demonstrated  by  the  presence  of  the  marine  fossil 
shells  which  it  contained.  Their  presence,  however,  he  was  unable  to 
explain. 

From  whence  came  these  shells,  and  by  what  mighty  convulsions  and  changes 
in  this  globe  have  their  inmates  been  deprived  of  life  and  incarcerated  in  hard, 
compact,  and  unyielding  rocks?  By  what  momentous  and  violent  catastrophe  have 
they  been  forced  from  the  bottom  of  the  ocean,  where  they  were  evidently  at  some 
former  period  plat^,  to  the  height  of  several  hundred  feet  above  the  level  of  the 
present  sea,  and  even  to  the  tope  of  the  highest  mountains? 

And  further  on: 

It  is  evident  that  the  slate  and  ore  containing  the  shells  already  mentioned  were 
once  at  the  bottom  of  an  ancient  sea.  *  *  *  By  some  mighty  revolution  the 
ground  occupied  by  them  has  been  uplifted  and  their  native  submarine  possessions 
converted  into  slate,  and  even  iron  ore. 

The  fact  that  some  of  this  iron  ore  is  magnetic  was  regarded  by 
Jackson  and  Alger  as  due  to  the  presence  of  trap  rock.  Gesner,  how- 
ever, considered  this  as  not  probable,  and  called  attention  to  the  fact 
that  the  trap  rocks  are  placed  in  a  situation  indicating  a  date  much 
later  than  the  New  Red  sandstone  upon  which  they  rest. 

Notwitastanding  the  crudity  of  his  notions  as  to  the  manner  in 
which  the  fossil  remains  had  become  entombed,  Gesner  possessed  very 
advanced  ideas  concerning  their  value  for  correlation  purposes.  This 
is  shown  in  his  discussion  of  the  slate  i*ange  extending  from  Yarmouth 
to  the  Gut  of  Canso.  The  fossils  found  therein,  he  felt,  had  an  exist- 
ence coeval  with  the  original  stmtification. 
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They  were  inhabitants  of  the  same  age,  enjoyed  similar  bounties,  the  same  cli- 
mate, and  were  companions  at  a  i)eriod  when  the  waters  of  the  sea  were  as  warm  as 
those  of  the  present  tropical  oceans;  a  fact  easily  proved  !)y  their  organization  and 
the  beauty  and  delicat'y  of  their  shelly  coverings.  The  corals,  coraline  sponges,  and 
other  vegetable  productions  of  that  i)eriod,  although  bearing  a  striking  resemblance 
to  those  now  flourishing  in  submarine  situations,  have  nevertheless  some  peculiar 
characteristic  features,  distinguishing  them  from  species  of  the  same  classes  now 
inhabiting  our  shores,  although  their  lineal  descendants  have  long  since  passed  away. 

Gesner  was  an  extreme  catastrophist,  and  his  ideas  concerning  the 
origin  of  the  drift,  as  well  as  that  of  coal,  were  formulated  more  or  less 
by  the  scriptural  account  of  the  flood.  Discussing  the  fragments  of 
slate  and  the  masses  of  quartz  rock  and  granite  that  were  found  scat- 
tered over  the  surface  of  the  Red  Sandstone,  and  even  entering  into 
its  composition  at  great  depth,  he  argued  that  their  shape  demonstrated 
that  they  had  been  transported  by  the  efforts  of  mighty  currents. 
From  this  fact  he  conceived  that  similar  causes  had  operated  upon  the 
surface  of  the  earth  at  separate  and  distinct  periods  of  time,  one  period 
having  produced  the  ingredients  of  the  newer  rocks,  which  in  their 
turn  had  been  evidently  denuded  by  the  rapidity  of  overwhelming 
floods.  He  thought  it  probable  that  the  first  great  catastrophe  arose 
when  the  earth  emerged  from  beneath  the  waters  at  its  first  creation, 
before  which  darkness  was  upon  the  face  of  the  deep,  and  that  it  was 
not  improbable  that  another  geological  event  may  have  produced 
another  class  of  phenomena  at  that  period  when  the  ''windows  of 
heaven  were  opened  and  the  fountains  of  the  great  deep  broken  up." 

The  giant  bowlders,  sometimes  found  on  the  very  hilltops,  he  recog- 
nized as  erratics,  but  could  not  believe  them  to  be  due  to  flood  action. 
"They  have  doubtless  been  thrown  upwards,"  he  wrote,  "and  left 
cresting  the  highest  ridges,  by  volcanic  explosions  that  have  taken 
place  since  the  general  inundation  of  our  planet."  The  general  phe- 
nomena of  the  drift,  however,  he  regarded  as  almost  certainly  the  effect 
"of  an  overwhelming  deluge  which  at  a  former  period  produced  those 
results  now  so  manifest  upon  the  earth.  Not  only  hath  the  granite 
sent  its  heralds  abroad,  large  blocks  of  trap  are  also  scattered  over 
the  soil  of  Nova  Scotia  far  from  their  original  and  former  stations." 

That  coal  is  of  organic  origin  he  recognized,  though  as  to  the  man- 
ner of  its  accumulation  he  was  somewhat  in  doubt.  He  assumed  that 
a  part  of  it  at  least  may  have  collected  at  the  bottom  of  the  sea, 
together  with  successive  layers  of  sand  and  clay,  and  that  the  beds  had 
since  been  uplifted  by  volcanic  forces.  The  method  of  conversion  of 
the  organic  matter  into  coal,  he  thought,  might  also  have  been  brought 
about  through  the  intervention  of  v^olcanic  forces. 

In  discussing  the  changes  which  have  taken  place  on  the  surface  of 
the  earth,  he  queried  if  such  might  not 

have  IxHMi  produced  lx»twcen  that  perio<l  when  the  globe  was  first  created  and  the 
Noachian  deluge,  and  might  not  many  of  those  effects,  the  causes  of  which  are  now 
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alin(>8t  inexplicable,  have  been  ])r(Mluced  at  that  momentous  period  when  the  **  win- 
dows of  heaven  were  opene<l,  and  the  fountains  of  the  great  deep  broken  up. "  *  *  * 
In  no  way  can  these  phenomena  be  so  satisfactorily  accounted  for  and  explained  as 
by  admitting  the  brief  account  of  the  creation  of  the  world  in  the  first  chapter  of 
Genesis;  and  that  there  is  no  necessity  for  making  the  world  appear  older  than  ite 
date  given  by  Moses. 

Agfain: 

The  volcanic  fires  of  the  earth  are  gradually  lK?coming  extinct.  They  were  evi- 
dently far  more  vehement  in  former  ages  than  in  the  present  day.  Therefore,  we 
have  sufficient  reasons  to  believe  that  from  the  creation  of  the  world  to  the  deluge 
great  changes  must  have  taken  place  upon  the  earth's  surface.  Who  ttan  clearly 
decide  that  the  flaming  sword  which  forever  shut  out  our  first  parents  from  Eden's 
delightful  garden  was  not  a  livid  torrent  of  flame  issuing  from  the  ground  polluted 
by  sin? 

Concerning  the  limestones  of  the  coal  formation  along  the  Nepan 
River,  he  wrote: 

On  the  surface  of  the  limestone  the  detritus  of  the  deluge  forms  a  distinct  cover- 
ing; and,  according  to  the  opinion  of  some  geologists,  should  not  be  considered  in 
any  way  connected  with  the  changes  which  have  taken  place  in  the  strata  beneath. 
But  we  would  remark  that  although  the  beds  of  rounded  pebbles  and  sand  clearly 
demonstrate  the  effects  of  a  flood,  they  can  have  no  reference  to  the  great  geological 
catastrophe  which  ushered  in  that  awful  event.  The  depression  of  whole  continents, 
the  raising  of  the  ocean's  level  bed,  the  distortion  of  strata  previously  horizontal, 
the  elevation  of  mountains,  and  all  those  violent  operations  whereby  the  whole 
surface  of  this  planet  has  been  rent  asunder,  might  have  been  the  prelude  to  that 
overwhelming  deluge,  while  the  diluvial  debris  resulted  from  the  action  of  torrents 
after  the  crust  of  the  globe  had  been  thus  broken  up. 

Gesner  was  born  of  German-French  ancestry  in  Cornwallis,  Nova 
Scotia,  and  was  by  profession  a  physician  and  surgeon.  For  a  long  time 
after  obtaining  his  degree  he  practiced  his  profession  in  the  comitry 

bordering  the  shores  of 
Sketch  of  Oenier.       Minas    Basin,    making    his 

visits  on  horseback,  and 
often  returning  with  saddlebags  filled  with 
specimens  collected  on  the  way.  In  1838, 
two  years  after  the  publication  just  referred 
to,  he  was  appointed  provincial  geologist  of 
New  Brunswick,  and  removed  to  St.  John, 
where  he  established  the  Gesner  Museum, 
afterwards  purchased  by  the  Natural  History 
Society  of  New  Brunswick.  This  was  an 
all-round  natural  history  collection,  many 
of  the  zoological  specimens  having  been 
collected  by  Gesner  himself,  who  was  an 
ardent  sport^sman. 

After  the  somewhat  premature  closing  of  the  survey  in  lS4e)(09 
Gesner  left  St.  John  and  returned  to  C.ornwallis.  During  his  residence 
here  he  wrote  his  works  on  New  Brunswick,  with  notes  for  emigmnts, 


Fig.  '28.— Abraham  Gesner. 
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and  The  Industrial  Resources  of  Nova  Seotia.  Besides  his  medical 
practice  and  the  scientific  and  literary  work  alread}-  mentioned,  Gesner 
engaged  in  studies  in  applied  science,  particularly  in  electricity  and 
cheraistr\' ,  and  in  1854  took  out  a  patent  in  the  United  States  for  the 
manufacture  of  kerosene  from  coal  and  other  bitimiinous  substances. 
About  this  period  he  resided  in  Brooklyn,  New  York,  and  wa^^  con- 
nected with  the  company  having  works  on  Newton  Creek  near  Perry 
Bridge.  In  1861  he  published  a  work  on  coal,  petroleum,  and  other 
distilled  oils.  He  returned  to  Halifax  in  1803,  where  he  died  the  fol- 
lowing year. 

He  is  represented  as  a  man  of  medium  height,  with  deep  chest  and 
sipiare  shoulders,  blat^k  hair  and  eyes,  and  a  face  showing  deep  thought 
and  strong  intellectual  power.  He  was  unquestionably  a  man  of 
great  mental  and  physical  energy.  He  w^as  noted  for  his  deep  piet}' 
and  remained  all  his  life  a  firm  churchman.  It  is  told  of  him  that, 
when  connected  with  Guy's  Hospital  in  London,  if  troubled  by  any 
physiological  mystery  which  had  become  a  subject  of  speculation,  he 
always  gave  as  his  ultimate  conclusion  that  "'God  made  it  so."  This 
phrase  became  known  as  ''Gesner's  reason"  and  was  so  used  among 
the  students. 

Although  C.  U.  Shepard's  work  was  mainly  mineraJogical,  he  occa- 
sionally contributed  papers  on  areal  geology.  Thus,  in  the  American 
Journal  of  Science  for  1838,  we  find  an  article  by  him 
of  Upper  luinois,  on  the  geology  of  upper  Illinois.  In  this  he  described 
the  extensive  Kankakee  swamp  region  south  of  Chi- 
cago, and  the  old  beach  lines  above  the  present  lake  level.  He  also 
discussed  the  possible  overflow  of  the  lake  in  ancient  periods  to  the 

southward,  and  dwelt  to  a  considerable 
extent  on  the  possibility  of  and  the  com- 
mercial advantages  to  be  derived  by  uniting 
the  waters  of  Lake  Michigan  and  the  Illinois 
River,  forming  thus  a  connection  with  the 
Mississippi. 

The  geology  of  the  region  was  described 
as  being  exceedingly  simple  and  uniform, 
the  great  rock  formation   i)eing  the  mag- 
nesian  limestone.    He  mentioned  the  occur- 
rence   in    this  of    "Orthocera''   and    large 
"  Pectunculus"    and    ''Terebnitula,"    two 
species  of  '* Ammonites''  and  "'Caryophyl- 
lia,'"*   and   a   '^  Favosites.''     The    northern 
boundary  of  the  coal  formation  hi^  said  he 
could  not  define  with  precision  through  lack  of  opportunity  to  explore 
it  in  detiiil.     A  geological  section  of  the  region  between  Fox  River 
and  Spring  Creek  accompanied  the  paper.  ^  j 
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William  Barton  Rogers. 

state  (JeolojfiM  of  Virginia. 
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On  March  G,  iS35,  the  general  assembly  of  Virginia  authorized  the 
api)ointnient  of  a '•suital)le  person'' to  make  a  gtH)logieal  reconnais- 
sance of  the  State  with  a  view  to  the  general  geological  features  of 
the  territory  and  to  the  chemical  composition  of  its 
inViiTiiiia.  soils,  rocks,  ores,  mineml  waters,  etc.     Prof.  W.  B. 

1835-1841  7  7  7  7 

Rogers,  then  professor  of  natural  history,  philosophy, 
jind  chemistry  in  William  and  Mary  College,  and  brother  of  H.  D. 
Rogers,  was  selected  as  the  suitable  person,  entering  upon  his  duties 
in  1835  and  holding  the  office  for  seven  years.  He  was  assisted  from 
time  to  time  by  George  W.  Boyd,  Caleb  Briggs,  E.  A.  Aiken,  C.  B. 
Hayden,  Samuel  Lewis,  J.  B.  Rogers,  H.  D.  Rogers,  R.  E.  Rogers, 
Thomas  S.  Ridge  way,  and  M.  Wells.  The  surve}^  continued  in  exist- 
ence until  the  close  of  1842,  the  act  of  authorization  being  repealed  b}- 
the  legislature. 

No  provision  was  made  for  the  preparation  of  a  final  report,  although 
Rogers  was  ready  to  undertake  the  same,  and  the  idea  not  finally  aban- 
doned until  as  late  as  1854.  The  necessary  appropriation  was,  how- 
ever, not  granted,  and  the  seven  brief  annual  reports  submitted  are 
all  there  is  to  show  for  ye^rs  of  careful  and  patient  work  under  most 
adverse  circumstances.  No  map  and  no  sections  were  published  at 
the  time.  In  1884,  after  Rogers's  death,  a  reprint  of  all  these  reports 
was  made  under  the  editorship  of  Maj.  Jed.  Hotchkiss,  an  engineer,  of 
Staunton,  Virginia.  They  formed  an  octavo  volume  of  upward  of  five 
hundred  pages.  This  was  accompanied  by  a  small  geological  map 
which  Rogers  had  previously  colored  for  Hotc^hkiss,  and  by  numerous 
plates  of  sections,  which  are,  however,  not  described  in  the  text. 

Under  the  conditions  enumerated  above,  it  is  not  surprising  that 
the  reports  contained  little  of  more  than  local  interest,  and  that  the 
broader  aspects  of  geology  were  barel}^  touched  upon.  The  region 
west  of  the  Blue  Ridge  was  described  as  occupiexi  by  fourteen  groups 
of  strata,  which  were  designated  by  numbers,  beginning  with  the 
lowermost.  These  all  showed  so  general  a  conformity  in  superposi- 
tion, and  so  remarkable  a  correspondence  in  their  mineralogical  and 
physical  characters,  as  to  clearly  indicate,  he  felt,  the  propriety  of 
regarding  them  all  as  parts  of  one  great  series  of  strata  accumulated 
over  the  widely  expanded  floor  of  the  ancient  ocean. 

No  mention  was  made  of  the  fossil  contents  of  any  of  these  beds, 
nor  attempts  at  correlation  or  determination  of  their  geological  age. 
This  seems  the  more  remarkable  when  one  considers  the  value  attached 
to  fossils  by  Rogers  in  his  work  on  the  Tertiary  formations,  where  the 
inspection  of  a  single  shell,  he  claimed,  would  often  enable  one  to  pro- 
nounce upon  the  character  of  the  stratum  from  which  it  was  taken  — 
that  is,  w^hether  pertaining  to  the  Eocene  or  Miocene. 

The  Massanutten  Mountains  were  recognized  as  one  great  synclinal 
tract  resting  in  a  trough  of  slate.     It  is  worthy  of  note,  in  view  of  the 
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H.  D.  Ro^ors-IIitchcock  controvers}^  referred  to  elsewhere  (p.  314), 
that  in  his  report  for  18H8  Rogers  described  in  considerable  detail 
*"the  extraordinary  phenomenon  of  inversion''  presented  throughout 
the  long  reach  of  North  Mountains,  whereby  the  entire  series  from 
formations  II  to  VIII,  inclusive,  were  found  to  lie  conformably  one 
upon  the  other,  but  in  a  reversed  stratigraphical  position;  that  is,  the 
olde^it  above  and  the  youngest  at  the  bottom.  No  attempt,  however, 
was  made  to  account  for  the  same. 

In  the  report  for  1839  the  Tertiary  marl  south  of  the  James  River 
was  described  in  detail  and  its  Eocene  and  Miocene  subdivisions  recog- 
nized. In  that  for  1840  was  given  a  list  of  the  fossils  found  in  the 
Miocene  marls,  and  attention  called  to  the  discovery  of  a  ''  remarkable 
stratum  varying  from  12  to  25  feet  in  thickness,  composed  almost 
entirely  of  microscopic  fossils  (Diatoms),  and  lying  between  the 
Eocene  and  Miocene,  but  referred  to  neither."  This,  the  first  discov- 
ery of  its  kind  in  the  United  States,  was  referred  to  as  an  '^infusory 
stratum.""  The  coarse  ''middle  secondary"  conglomerates  of  Vir- 
ginia, corresponding  to  the  Potomac  marble  (Triassic)  of  Maryland, 
he  regarded  as  having  been  deposited  by  strong  currents  coming  from 
the  southeast  which  laid  down  their  load  in  a  long,  narrow  trough 
extending  from  southwest  to  the  northeast;  such  ^' being  deposited  in 
successive  layers,  commencing  at  its  southeastern  margin,  would  nat- 
urally assume  the  attitude  of  strata  dipping  toward  tlie  northwest." 

When  one  considers  the  condition  of  the  country  at  the  time  Rogers 
did  his  work — the  lack  of  facilities  for  transportation,  the  entire  lack 
of  maps  sufficiently  accurate  for  purposes  of  plotting,  the  deep  mantle 
of  residuary  material  that  nearly  everywhere  obscured  the  more  solid 
rocks,  and  that  there  were  no  railroad  cuts  or  other  artificial  exposures, 
such  as  exist  to-day — one  can  but  admire  its  accuracy.  It  is  not  yet 
too  late  to  express  regrets  that  the  parsimony  of  the  legislature  should 
have  stood  in  the  way  of  the  preparation  of  a  final  report. 

W.  B.  Rogers  undoubtedly  derived  a  portion  of  his  enthusiasm  for 
geology  from  his  brother  Henry.  The  first  manifestations  of  this 
mental  trend  appeared  while  professor  of  natural  philosophy  and 
chemistry  at  William  and  Mary  College  in  1833,  when  he  set  on  foot 
inquiries  relative  to  the  greensand  marl  of  Virginia.  His  first  pub- 
liaition,  as  given  in  his  biography,  however,  related  to  artesian  wells 
and  appeared  in  the  Farmer's  Register  of  Richmond  (1834-35). 

The  povert\'  of  his  resources  in  1835,  while  hopefully  agitating  the 
establishment  of  a  State  geological  survey  for  Virginia,  can  not  be  bet- 
ter illustrated  than  by  noting  the  request  sent  to  his  brother  Henry,  in 
Philadelphia,  for  the  chemicals  and  apparatus  mentioned  i)elow  to  be 

«In  1848  Tiioniey  aniioumnHi  the  discovery  of  an  infusorial  stratum  at  Petersburg, 
in  Virginia.     This  he  referred  to  the  lower  portion  of  the  Miocene. 
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used  in  the  prosecution  of  his  scientitic  work.  The  lint  comprised! 
l)Iatinuui  capsule,  1  pound  of  absolute  alcohol  (French),  one-half  ounce 
oxide  of  ammonia,  one-half  pound  distilled  muriatic  acid  (puj'c),  1 
pound  distilled  nitric  acid,  one  4-ounce  vial  of  phosphate  of  ammonia, 
1  foot  small  platinum  wire  for  blowpipe. 
He  wrote: 

My  alcohol,  with  all  the  economy  I  have  used,  Ih  almost  exhausted.  The  gill 
which  I  had  at  the  opening  of  the  course  has  been  used  at  least  ten  times  in 
analysis,  and  though  carefully  distilled  off  in  each  operation,  a  portion  is,  of 
course,  lost. 

In  August  of  1835  Rogers  was  elected  to  the  chair  of  natural  philos- 
ophy in  the  University  of  Virginia,  at  Charlottesville,  a  position  which 
he  gladly  accepted,  being,  undoubtedly,  influenced  in  part  at  least  ])y 
the  more  healthful  climate  of  the  latter  place. 

His  first  years  here  were,  however,  full  of  trial,  owing  to  the  dual 
nature  of  his  duties — teacher  and  State  geologist — and  the  lawless  char- 
acter of  many  of  the  students.  Lacking,  as  he  was,  in  physical  stamina 
at  the  beginning,  the  trials  as  professor  and  the  lack  of  appreciation  of 
his  work  by  the  State  legislature  undoubtedly  wore  upon  him  severely 
and  had  to  do  with  his  comparatively  early  breaking  down. 

Like  other  of  the  broader  men  of  his  time,  Rogers  was  an  all-round 
scientist,  and  wrote  not  merely  on  geology,  Init  made  observations  on 
the  aurora,  experiments  with  reference  to  binocular  visions,  and  other 
subjects. 

As  early  as  1846,  in  connection  with  his  brother  Henry,  he  formu- 
lated plans  for  the  Polytechnic  School  in  Boston,  which  place  he  felt 
persuaded  was  on  all  accounts  the  best  suited  for  an  institution  of  this 
kind.  "  I  long  for  an  atmosphere  of  more  stimulating  power,"  he  wrote 
from  Charlottesville,  and  with  these  thoughts  in  mind  he  resigned  his 
professorship  in  1848,  but  was  induced  to  reconsider  and  remain  for 
five  years  longer.  On  his  final  removal  to  Boston  in  1853  he  con- 
tinued to  take  an  active  part  in  scientific  and  educational  mattei-s.  The' 
year  1859  found  him  again  actively  advocating  his  plan  for  an  institute  of 
technology,  the  matter  being  brought  forward  at  this  time  in  connection 
with  the  so-called  Back  Bay  lands  and  their  rapidly  enhancing  value, 
and  in  1861  an  act  to  incorporate  the  Massachusetts  Institute  of  Tech- 
nology passed  the  legislature  and  was  approved  by  the  governor.  In 
1862,  an  organization  having  been  perfected,  he  was  elected  its  first 
president,  an  oflSce  he  continued  to  hold  until  forced  to  resign  by  ill 
health  in  1870.  In  1878,  his  health  having  improved,  he  was  again 
induced  to  temporarily  a(»cept  the  presidency,  holding  the  position 
three  years,  and  being  succeeded  by  (xen.  F.  A.  Walker. 

His  reputation  as  a  geologist  rests  mainly  upon  his  work  as  State 
geologist  of  Virginia  and  that  on  the  structure  of  the  Appalachian 
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Chain  in  connection  with  his  brother,  H.  D.  Rogers.  He  was,  how- 
ever, widely  known  as  an  educator  and  orator.  To  quote  from  one  of 
his  biographers: 

The  wide  extent  of  his  own  studies  and  researches  in  nlechanict^<,  jjhysifs,  chem- 
istry, and  geology;  his  truly  philosophical  spirit,  his  unfaiUng courtesy  and  urb&nity, 
his  warm  sympathies,  his  scientific  enthusiasm,  his  commanding  and  stately  pres- 
ence, his  rare  gifts  of  expression,  all  combined  to  make  him  the  ideal  presiding 
oflicer.  His  introductions  were  most  felicitous;  his  comments  highly  suggestive  and 
inspiring;  his  summing  up  was  always  a  masterpiece  of  discriminating  and  judicious 
reasoning,  while,  over  all,  his  rich,  tropical  eloquence  threw  a  spell  as  of  poesy  and 
romance,  for  to  him  the  truth  was  always  beautiful,  and  the  most  solid  and  substan- 
tial structure  of  scientific  principle  stood  in  his  view  against  a  sunset  sky,  radiant 
with  a  light  which  no  painter's  pencil  ever  had  the  art  to  fix  to  canvas. 

On  April  15,  1836,  there  was  authorized  by  the  State  assembly  a 
geological  and  mineralogical  survey  of  New  York.  This  led  to  an 
organization  which  has  left  a  more  lasting  impression  upon  American 
geology  than  any  that  has  followed  or  had  preceded 
SuNSw^k^Vlld.  i^-  ^s  f^^  ordained,  the  locality  was  one  of  the  most 
favorable  that  could  have  been  selected  for  working 
out  the  fundamental  principles  of  stratigraphic  geology;  moreover, 
those  appointed  to  do  the  work  proved  equal  to  the  occasion.  The 
New  York  survey  gave  to  American  geology  a  nomenclature  largely 
its  own;  it  demonstrated  above  everything  else  the  value  of  fossils  for 
purposes  of  correlation,  and  incidentally  it  brought  into  prominence 
one  man,  James  Hall,  who  was  destined  to  become  America's  greatest 
paleontologist. 

To  secure  the  greatest  amount  of  individual  freedom  and  to  facili- 
tate the  work  to  best  advantage,  the  State  was  divided  into  four 
districts,  W.  W.  Mather  being  placed  in  charge  of  the  first,  Ebenezer 
Emmons  the  second,  Timothy  A.  Conrad  the  third,  and  Lardner  Van- 
uxem  the  fourth.  The  survey  continued  in  existence  for  live  years, 
reports  being  issued  annually  in  the  form  of  assembly  documents,  the 
final  reports  appearing  in  1842-48  in  the  form  of  quarto  volumes,  com- 
prising, all  told,  over  2,000  pages  and  82  plates,  sections,  and  maps. 

The  mineralogical  and  chemical  work  of  the  survey  was  placed  under 
the  charge  of  Dr.  Lewis  C.  Beck,  while  Dr.  John  Torrey  was  made 
botanist  and  Dr.  James  K,  De  Kay  given  charge  of  the  zoological 
department.  At  the  end  of  the  first  season  Conrad  resigned,  to  become 
paleontologist  of  the  survey,  and  James  Hall,  who  had  previously 
been  an  assistant  to  Emmons,  was  put  in  charge  of  the  fourth  district, 
while  Vanuxem  was  transferred  to  the  second.  As  with  all  the  earlier 
survey  s,  agriculture  and  mining  were  considered  subjects  of  primary 
importance.  The  results  of  the  survey  can,  however,  be  best  consid- 
ered under  the  datx»,  of  issue  of  the  final  reports  (p.  374). 

This  same  year  witnessed  also  the  establishment  of  a  geological 
survey  in  the  adjoining  State  of  Pennsylvania,  of  which  H.  D.  Rogers, 
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In  March,  ISBfi,  sixteen  years  after  her  establishment  on  a  })asis  of 
inde]>en(lent  statehood,  the  legislature  of  Maine  authorized  the  apix>int- 
luent  of  ''some  suitable  person"  to  make  a  geologie^il  survey  of  the 
State  ''as  soon  as  circumstances  will  permit,"'  appro- 
rXSSSftlS^s^  ***  priating  the  sum  of  $5,000  to  cover  expenses.^  On 
June  25  a  contract  was  entered  into  with  Dr.  C.  T. 
Jackson  for  the  carrying  out  of  the  same.  Jackson  seems  to  have 
entered  upon  his  duties  promptly  and  energetically,  making  his  first 
report,  a  volume  of  116  octavo^  pages,  in  December,  1836.  This  was 
accompanied  by  an  atlas  of  24  plates.  His  results  were  apparently 
satisfactory  to  the  legislature,  the  appointment  being  renewed  the  fol- 
lowing year  and  $3,000  appropriated  for  expenses.  Under  this  appro- 
priation a  second  annual  report  of  168  octavo  pages  was  forthcoming. 
This  in  its  turn  was  seemingly  satisfactory,  for  the  geologist's  salary 
was  increased  from  $1,000  to  $1,500  a  year,  while  the  sum  appropri- 
ated for  the  carrying  on  of  the  work  was  made  discretionary  with 
the  governor  and  council.  Under  such  favoring  conditions  it  is  not 
strange  perhaps  that  the  State  geologist  became  effusive  and  brought 
his  third  (and  last)  report  up  to  276  pages,  with  an  appendix  of  64 
pages,  containing  a  catalogue  of  the  collections. 

These  reports,  examined  in  the  light  of  to-day,  contain  very  little 
which  would  be  considered  of  geological  importance.  Jackson  seems 
to  have  roamed  somewhat  at  mndom  over  the  State,  with  little  idea  of 
the  geological  structure  as  a  whole,  and  to  have  contented  himself  with 
making  detailed  notes  on  whatever  was  immediately  at  hand,  regard- 
less of  its  possible  relationship  to  other  formations  at  a  distance  and 
with  an  eye  particularly  to  economic  questions. 

From  the  finding  of  marine  shells  at  Lubec  in  layers  of  clay  now 
some  twenty-six  feet  above  high-water  mark,  he  rightly  conjectured 
that  the  land  had  been  elevated  that  amount  within  a  comparatively 
recent  period.  lie  regarded  the  sandstones  now  known  to  be  Devo- 
nian in  the  extreme  eastern  counties  as  identical  with  the  red  Triassic 
sandstones  of  Nova  Scotia,  and  seriously  discussed  the  possibility  of 
their  containing  bituminous  coal.  The  slates  of  Piscataquis  County 
were  classed  as  transition,  and  the  possibilit}'  of  their  carrying  anthra- 
cite coal  was  likewise  discussed. 

In  his  third  annual  report  he  noted  the  occurrence  of  fossil  plants 
in  the  slates  of  Waterville  and  remarked  on  the  discovery  as  being  a 
stmnge  occurrence,  since  the  rocks  belong  to  the  older  Transition 


«The  lejfiHlature  of  MaPi^aclmsetts  authorized  State  cooperation  in  this  survey  so  far 
as  it  related  to  certain  public  lands  which  were  the  joint  proi)erty  of  the  two  States. 

'>  At  the  second  session  of  the  American  Association  of  (leologists  in  Philadelphia, 
1841,  Professor  ().  P.  Hubbard  exhibited  a  specimen  of  this  slate  and  was  able  to 
show  by  the  ai<l  of  "Murchison's  Silurian  system  "  that  they  were  not  plant  remains 

but  annelid  trails,  a  view  which  Jaitkson  accept^xl.  C^ r\r\n](> 
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The  possibility  of  the  oceurrence  of  beds  of  coal  at  Small  Point 
Harbor  near  Phippsburg  was  investigated.  As  a  result  it  was 
announced  that  there  was  no  possibilit}"  of  such  being  included  in  rock 
of  the  nature  there  found,  and  that  the  coal  sometimes  thrown  up  on  the 
beach  was  presumably  from  English  sources.  So  early  a  statement  of 
this  nature  is  interesting  in  view  of  borings  for  coal  which  have  taken 
place  along  this  coast  within  a  very  few  years. 

Jackson's  views  on  the  glacial  deposits  were  naturally  crude.  The 
'^ horsebacks"  (ridges  of  glacial  gravel)  were  regarded  as  diluvial 
material  transported  by  a  mighty  current  of  water. 

It  ifl  supposed  that  this  rushing  of  water  over  the  land  took  place  during  the  last 
grand  deluge,  at^counts  of  which  have  been  handed  down  by  tradition  and  are  pre- 
served in  the  archives  of  all  people.  Although  it  is  commonly  supposed  that  the 
deluge  was  intended  solely  for  the  punishment  of  the  corrupt  antediluvians,  it  is  not 
improlmble  that  the  descendants  of  Noah  reap  many  advantages  from  its  influence, 
since  the  various  soils  underwent  m^Miifications  and  admixtures  which  render  them 
better  adapted  for  the  wants  of  man.  May  not  the  hand  of  Benevolence  be  seen 
working  even  amid  the  waters  of  the  deluge? 

It  is,  perhaps,  doubtful  if  the  hard-fisted  occupant  of  many  of 
Maine's  rocky  farms  would  be  disposed  to  take  so  cheerful  a  view  of 
the  matter. 

However  Jackson's  work  may  impress  the  reader  of  to-day,  it  was 
considered  by  a  reviewer  in  the  American  Journal  of  Science  (XXXII, 
1837)  as  a  *' model  of  its  kind.  It  has  certainly  not  been  surpassed  by 
any  similar  effort  in  this  country,"  and  ''The  present  sketch  of  Maine 
is  a  masterly  production." 

In  1839  the  general  assembly  of  Rhode  Island  appropriated  the  sum 
of  $2,0()0  to  pay  the  expenses  of  a  geological  and  agricultural  survey 
of  the  State,  and  Doctor  Jackson,  fresh  from  his  work  in  Maine,  was 
placed  in  charge  of  this  also,  making  his  report  the 
jackMii'9  Survey  of  following  year.  This  constituted  the  first,  last,  and 
Rhode  ifiond,  1839.  ^^^y  j^^ryey  of  Rhode  Island  carried  on  under  State 
auspices. 

Such  a  work  was  naturally  productive  of  little  of  importance,  and 
no  new  principles  whatever  were  evolved.  Aside  from  the  gathering 
of  a  few  facts  of  possible  economic  value,  it  resulted  only  in  an  exten- 
sion of  knowledge  relative  to  the  distribution  of  certain  geologic 
groups.  This,  however,  was  a  feature  of  all  the  work  carried  on  by 
Jackson.  As  further  illustrating  the  condition  of  geological  knowl- 
edge, the  report  is,  however,  worthy  of  consideration. 

In  his  introduction  he  remarked  on  the  attempt  on  the  part  of  some 
geologists  to  abandon  the  name  Transition  and  to  groitp  these  rocks 
with  the  Secondaiy,  according  to  the  original  schemes  of  Lehman,  and 
felt  that  a  numerical  division  would  doubtless  be  found  preferable  to 
any  of  the  fanciful  names  proposed  for  some  of  its  subdivisions. 
The'  names  Cambrian  and  Silurian,   as    proposed    in   England,  he 
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thoucrht,  "'will  never  be  re^rded  in  this  countn^  as  appropriate  terms 
for  our  roeks."  He  recognized  the  existence  of  contact  phenomena, 
and  also  that  the  degree  of  crystallization  and  general  structural  fea- 
tures of  an  igneous  rock  are  dependent  upon  conditions  of  cooling, 
though  he  regarded  pumice  as  being  formed  when  the  fused  rock, 
under  little  pressure,  was  brought  in  contact  with  water.  The  pos- 
si!)ility  of  the  cellular  structure  being  due  to -expansion  of  vapor 
of  water  in  the  lava  itself  was  not  recognized.  The  hornblende  rock, 
so  extensively  developed  in  Cumberland,  Smithfield,  and  Johnston,  he 
regarded  as  of  igneous  origin,  and  suggested  that  its  apparent  strati- 
form structure  might  be  due  to  an  admixture  of  the  argillaceous  slate 
through  which  it  was  elevated. 

The  eruptive  nature  of  the  Cumberland  iron  ore  was  also  recognized, 
though  naturally  the  fact  that  the  rock  was  an  iron-rich  peridotite 
partially  altered  into  serpentine,  as  later  described  by  Wadsworth, 
was  overlooked. 

The  origin  of  the  drift  was  to  him  still  obscure.  Concerning  the 
distribution  in  the  form  of  bowlders  of  the  iron  ore  to  the  southward, 
above  mentioned,  he  wrote: 

There  can  not  remain  a  doubt  that  a  violent  current  of  water  has  rushed  over  the 
surface  of  the  State  since  the  elevation  and  consolidation  of  all  the  rocks  and  subse- 
quent to  the  deposition  of  the  tertiary  clay,  and  that  this  current  came  from  the 
north.  *  *  *  Uj)on  the  surface  of  solid  ledges,  wherever  they  have  been  recently 
uncovered  of  their  soil,  scratches  are  seen  running  north  and  south  and  the  hard 
rocks  are  more  or  less  polishe<l  by  the  currents  of  water  which  at  the  diluvial  epoch 
coursed  over  their  surfaces,  carrying  along  the  pebbles  and  sand  which  effected  this 
abrasion,  leaving  strife,  all  of  which  run  north  and  south,  deviating  a  few  degrees 
occasionally  with  the  changes  of  direction  given  to  the  current  by  obstacles  in  its 
way. 

He  did  not  accept  the  theory  of  drifting  icebergs,  ''nor  can  we 
allow  that  any  glaciers  could  have  produced  them  by  their  loads  of 
sliding  rocks,  for  in  that  case  they  should  radiate  from  the  mountains 
instead  of  following  a  uniform  course  along  hillsides  and  through 
valleys." 

The  report  was  accompanied  by  six  plates  of  Ct)al-Measure  fossils 
and  a  geological  map. 

(jeological  work  in  Delaware  at  the  expense  of  the  State  began  and 
ended  with  the  survey  by  J.  C  Booth,  a  chemist,  during  1837-38. 
Incidentally,  it  may  be  remarked  that  Mr.  Booth's  career  as  a  geolo- 
gist was  equally  prescribed. 

Booth's  Survey  ^     .  •  *      .  ^     ,  »  i .    i  .         .1 

of  Delaware,  A  unuiue  feature  of  the  act  establishing  the  survev 

1837—38  o  » 

was  the  requirement  that  an  equal  portion  of  the 
appropriation  should  be  expended  in  each  county,  regardless  of  exist- 
ing conditions.  The  clause  was  presumably  inserted  to  allay  local 
jealousies,  but  the  absurdity  of  the  same  is,  nevertheless,  so  great  as 
to  leave  no  room  for  conmient.     In  the  report,  which  appeared  in  the 
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form  of  an  octavo  volume  of  188  pages  in  1841,  the  geological  forma- 
tions of  the  State  were  divided  into  (1)  Primar}^  (2)  Upper  Secondary, 
(3)  Tertiary,  and  (4)  Recent.  The  geographical  distribution  and  litho- 
logical  character  of  each  was  given  in  detail.  The  Primary  included 
gneiss,  feidspathean  rocks  (traps),  limestone,  serpentine,  and  granite; 
the  Upper  Secondary,  the  Red  Clay  Formation  and  the  Green  Sand 
Formation.  The  Tertiary  he  divided  into 
the  northern  Tertiary,  the  southern  Terti- 
ary, the  yellow-clay  formation  of  Appo- 
quinimink  Hundred,  and  the  intermediate 
claj^s  and  sands.  The  Recent  Formations 
were  divided  into  the  lower  days,  the  upper 
sands,  and  the  river  deposits.  Attention 
was  given  to  the  Greensand  and  to  other 
questions  of  economic  interest. 

The  report  as  a  whole  represents  the 
patient  attempt  of  a  man  unversed  in  the 
broader  problems  of  geology  who  wrote 
down  onlv  what  he  saw  and  thought  he 
understood.     His  remarks  on  the  weather-        fio.  3o.-James  curti«  Booth. 

'  ing  of  rocks  are  perhaps  the  most  striking.  The  entire  cost  of  this 
survey  to  the  State  was  $3,000,  of  which  sum  Booth  received  $2,000 
for  his  two  years'  work,  the  remainder  going  to  defray  cost  of  publi- 
cation of  the  report  and  various  incidentals. 

In  1837  there  was  organized  the  first  State  geological  survey  of 

Indiana,  Dr.  D.  D.  Owen,  who  had  served  as  an  assistant  on  the  survey  of 

Tennessee  under  Gerard  Troost,  being  appointed  State  geologist.     The 

life  of  the  survev  was  limited  to  two  years,  and  two 

D.D.Owen's  ^  jj  ^o*  ij^ 

Survey  of  Indiana,  reports  Were  rendered,  one  of  34  pages,  bearing  date 
of  1838,  and  one  of  54  pages,  bearing  date  of  1839." 
The  essential  similarity  of  the  formations  of  Indiana  with  those  of 
Ohio  was  recognized.  The  lowest  lying,  oldest  rock,  called  blue 
limestone,*  which  he  regarded  as  the  equivalent  of  the  Lower  Silu- 
rian limestones  of  Europe,  was  described  as  forming,  near  the  com- 
mon boundary  line  between  Indiana  and  Ohio,  a  kind  of  backbone 
which  dipped  gently  in  east  and  west  directions,  gradually  disappear- 
ing in  both  States  beneath  a  series  of  overlapping  strata  which,  with 
one  exception,  have  uniform  characteristics.  Here  for  the  second 
time  (see  p.  333)  is  recognized  the  presence  of  the  low  swell  known 
later  as  the  Cincinnati  anticline  or  uplift,  which  was  subsequently 
identified  by  Newberry  and  Safford  as  a  Middle  Silurian  emergence. 
This  blue  limestone  was  overlain  by  another  limestone,  regarded  as  the 

"  Reprints  of  these  api^)eared  under  date  of  1859. 

^This  is  the  equivalent  of  the  Cincinnatian  division  of  the  I^ower  Silurian  of 

recent  writers.  C^r^r\n]t> 
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equivalent  of  the  Cliff  rock  (Niagaran)  of  Doctor  Locke;  thi«,  in  it«  turn, 
by  a  series  of  black  slates,  the  equivalent  of  the  Waverly  sandstones 
of  Ohio,  and  this  in  turn  by  a  series  of  limestones  in  part  oolitic  and 
the  equivalent  of  the  Ohio  conglomemte.  This  last,  immediately  upon 
which  the  coal  formation  rests  at  Oil  Creek,  in  Perry  County,  he  con- 
sidered the  uppermost  member  of  a  new  series,  to  which  he  applied 
the  name  sub-Carboniferous,  "as  indicating  its  position  immediately 
beneath  the  coal  or  Carboniferous  group  of  Indiana,"  and  ''which 
merely  indicates  its  position  beneath  the  Carboniferous  group  without 
involving  any  theory." 

Immediately  overlying  this  sub-Carboniferous  limestone  was  his 
bituminous  coal  formation,  the  latest  and  youngest  of  the  series  with 
the  exception  of  the  diluvium.  He  regarded  the  bituminous  coal  for- 
mation as  a  part  of  a  great  coal  field  which  included  nearly  the  whole 
of  Iowa  and  Illinois  and  eight  or  ten  counties  in  the  northwestern  part 
of  Kentucky,  and  recognized  the  improbability  of  anthracite  coal  being 
found  within  the  limitsof  the  State. 

He  recognized  the  importance  of  fossils  in  geological  correlation 
and,  through  the  presence  of  the  characteristic  forms  j?&nfref/utes  B,nd 
a/rchiTnedes^  correctly  referred  the  oolitic  rock  to  the  sub-Carbonifer- 
ous, notwithstanding  its  close  lithological  resemblance  to  the  Jurassic 
oolites  of  England  and  the  European  continent.*^ 

David  Dale  Owen  was  a  son  of  Kobert  Owen,  the  well-known  phil- 
anthropist and  founder  of  the  communistic  societies  at  New  Lanark, 
Scotland,  and  New  Harmony,  Indiana.  He  first  came  to  America  in 
1828,  but  in  1831  returned  to  Europe,  in  company 
dI^d? o^en.  with  Prof .  H.  D.  Rogers,  for  the  purpose  of  qualify- 

ing himself  in  chemistry  and  geology.  Returning  to 
America  in  1832,  he  studied  medicine  at  the  Ohio  Medical  College  in 
Cincinnati,  from  whence  he  graduated  in  1836. 

His  earliest  geological  work  was  done  in  connection  with  Dr.  Gei*ard 
Troost  in  Tennessee,  and  his  earliest  independent  work  that  which  has 
just  been  mentioned.  Subsequently  he  made  surveys  under  the  United 
States  General  Land  Office,  in  which  work  he  showed  administrative 
ability  of  no  ordinary  kind.  Indeed,  the  organization  and  carrying  out 
of  the  plan  for  a  survey  of  the  mineral  lands  of  Iowa,  Minne^^ota,  and 
Wisconsin  (in  1839-40)  within  the  short  space  of  time  and  under  the 
conditions  imposed  by  Congress  was  a  feat  of  generalship  which  has 
never  been  equalled  in  American  geological  history. 

«  There  are  iii  inerouH  referenceF  in  the  rei>orts  of  1838  and  1889  U)  sections  and  a 
geological  map  which,  however,  were  apj)arently  never  pubHshed.  In  a  partial 
reprint  Ixniring  date  of  1859  entitk^l  ''Continuation  of  Report  of  the  (ieological 
ReconnaiRMan<'e  of  the  State  of  In<liana,"  niade  in  1888,  where  reference  is  again 
nia<le  to  this  map,  occurs  the  following  f<M»tni>te:  "The  original  geological  map  here 
referreil  to  was  deposited  in  the  State  library  but  has  not  been  published.'* 
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His  life  was  one  of  unceasing  iK'tivity  and  furnished  one  more  illus- 
tration of  the  energy,  persistence,  and  virility  of  the  Scotcrh  emigrants 
and  their  descendants  in  America.  He  is  described  as  a  man  of  amia- 
bility, simplicity,  and  integrity  of  purpose,  and  certainly  was  an  artist 
of  no  inconsiderable  ability,  as  is  exemplitied  by  the  sketches  in  his 
luimerous  reports.  The  geological  sections  given  by  him  in  the  report 
on  the  Chippewa  land  district  have  never  been  equalled  for  picturesque 
effect  (see  Plate  19). 

To  properly  appreciate  much  that  is  to  follow,  it  must  be  remem- 
bered that,  beginning  with  1807,  all  Government  lands  containing  ores 
were  reserved  from  sale  and  a  system  of  leasing  adopted.  No  leases 
D.D.  Owen's  Were,  however,  issued  until   1822,  and  little  mining 

WiwrasinVi^''  ^^  ^^^^  previous  to  1826.  For  a  few  years,  accord- 
iiHnois.  1839-40.  jj^g  ^^  Whitney,  rents  for  the  mining  lands  were  paid 
by  the  operators  with  comparative  regularity,  but  after  1834,  in  con- 
sequence of  the  innumerable  fraudulent  entries  of  lands  as  agricultural 
which  should,  in  reality,  have  been  reserved  as  mineral,  the  smelters 
and  miners  refused  to  make  any  further  payments,  and  the  United 
States  oflScers  were  entirely  unable  to  enforce  the  claims  of  the  Gov- 
ernment. 

In  consequence  of  these  difficulties  a  resolution  was  adopted  in  the 
House  of  Representatives,  on  the  6th  of  February,  1839 — 

That  the  President  of  the  United  States  be  requested  to  cause  to  be  prepared,  and 
presented  to  the  next  Congress  at  an  early  day,  a  plan  for  the  sale  of  the  public 
mineral  lands,  having  reference  as  well  to  the  amount  of  revenue  to  be  derived  from 
them  and  their  value  as  public  property  as  to  the  e<|uitable  claims  of  individuals 
upon  them;  and  that  be  at  the  same  time  communicate  to  Congress  all  the  informa- 
tion in  possession  of  the  Treasury  Department  relative  to  their  location,  value, 
productiveness,  and  occupancy;  and  that  he  cause  such  further  information  to  be 
collected  and  surveys  to  be  made  as  may  be  necessary  for  these  purjKDses. 

In  accordance  with  this  act  Doctor  Owen  was  appointed  Govern- 
ment geologist  under  direction  of  the  General  Land  Office  (James 
Whitcomb,  Commissioner)  to  make  sun^eys  in  Iowa,  Wisconsin,  and 
northern  Illinois.  His  first  report,  bearing  date  of  April  2,  1840,  was 
printed  to  form  House  Document  No.  239,  of  the  First  session  of  the 
Twenty-sixth  Congress.^  It  comprised,  all  told,  161  printt^d  octavo 
pages,  with  25  plates  and  maps,  including  a  colored  geological  map 
and  seveml  colored  sections.  Fourteen  of  the  plates  were  from 
Owen's  own  drawings.  The  district  explored  comprised  an  area  of 
about  11,0()0  square  miles  lying  in  equal  portions  on  both  sides  of  the 
Mississippi  River,  between  latitude  41"^  and  43*^,  beginning  at  the 
north  of  Kock  River  and  extending  thence  north  upward  of  100 
miles  to  the  Wisconsin  River.     (See  fig.  45.) 


«  A  reprint  or  second  etiition  of  the  work  was  brought  out  in  fonn  of  Henate  Doc- 
ument No.  407,  28th  Congress,  1844. 

Digitized  by  VjOOQ IC 


352  REPORT    OF   NATIONAL    MUSEUM,    1904. 

Doctor  Owen^s  commission  reached  him  at  New  Harmony,  Indiana, 
on  August  17,  1839,  and  its  acceptance  demanded  that  he  explore  ''all 
the  land  in  the  Mineral  Point  and  Galena  districts  which  are  situated 
south  of  the  Wisconsin  and  north  of  the  Rock  rivers,  and  west  of  the 
line  dividing  ranges  8  and  9  east  of  the  fourth  principal  meridian; 
together  with  all  the  surveyed  lands  in  the  Dubuque  district,"  and 
complete  his  work  before  the  approaching  winter  should  set  in.  Con- 
cerning these  somewhat  remarkable  conditions,  Owen  writes: 

After  duly  weighing  the  nature  of  my  instructions,  estimating  the  extent  of  coun- 
try to  be  examined,  considering  the  wild,  unsettletl  character  of  a  portion  of  it,  and 
the  scanty  accommodations  it  could  afford  to  a  numerous  party  (which  rendered 
nei-easary  a  carefully  calculated  system  of  puneyance),  and  ascertaining  that  the 
winter,  in  that  northern  region,  commonly  sets  in  with  severity  from  the  10th  to  the 
middle  of  November,  my  first  impression  was  that  the  duty  required  of  me  was 
impracticable  of  completion  within  the  given  time,  even  with  the  liberal  i^ermission 
in  regard  to  force  ac^corded  to  me  in  my  instructions.  But  on  a  more  careful  review 
of  the  means  thus  placed  at  my  disposal,  I  finally  arrived  at  the  conclusion  that  by 
using  diligent  exertion,  assuming  much  responsibility,  and  incurring  an  expense 
which  I  was  aware  the  Department  might  possibly  not  have  anticipated,  I  might,  in 
strict  accordance  with  my  instructions,  if  favored  by  the  weather  and  in  other 
respect«,  succeed  in  completing  the  exploration  in  the  required  time. 

I  therefore  immediately  commenced  engaging  subagents  and  assistants  and  pro- 
ceeded to  St.  Louis.  There  (at  my  own  expense,  to  be  repaid  to  me  out  of  the  per 
diem  of  the  men  employed)  I  laid  in  about  $3,000  worth  of  provisions  and  camp  fur- 
niture, including  tents,  wliich  I  caused  to  be  made  for  the  accommodation  of  the 
whole  expedition;  and  in  one  month  from  the  day  on  which  I  received  my  commis- 
sion and  instructions  in  Indiana  (to  wit,  on  the  17th  of  September)  I  had  reached 
the  mouth  of  Rock  River;  engaged  one  hundred  and  thirty-nine  subagents  and  assist- 
ants; instructed  my  subagents  in  such  elementary  principles  of  geology  as  were  neces- 
sary to  the  performance  of  the  duties  required  of  them;  supplied  them  with  simple 
mineralogical  tests,  with  the  application  of  which  they  were  made  acquainted;  organ- 
ized twenty-four  working  corps,  furnished  each  with  skeleton  maps  of  the  townships 
assigned  to  them  for  examination,  and  placed  the  whole  at  the  points  where  their 
labors  commenced,  all  along  the  southern  line  of  the  western  half  of  the  territory  to 
be  examined.  Thence  the  expedition  proceeded  northward,  each  corps  Ijeing 
rw^uired,  on  the  average,  to  overrun  and  examine  thirty  quarter  sections  daily,  and 
to  report  to  myfc»elf  on  fixed  days  at  regularly  appointed  stations;  to  ret^eive  which 
reports,  and  to  examine  the  country  in  person,  I  crossed  the  district  under  examin- 
ation, in  an  oblique  direction,  eleven  times  in  the  course  of  the  survey.  Where 
appearances  of  particular  interest  presented  themselves,  I  either  diverge<i  from  my 
route,  in  order  to  ])e8tow  upon  these  a  more  minute  and  thorough  examination;  or, 
when  time  did  not  i)ermit  this,  I  instnicted  Dr.  John  Locke,  of  Cincinnati  (formerly 
of  the  geological  corps  of  C)hio,  and  at  present  professor  of  chemistry  in  the  nu  dical 
college  of  Ohio) ,  whose  valuable  services  I  had  been  fortunate  enough  to  engage  on 
this  ex|>edition,  to  inspect  these  in  my  stead. 

By  the  24th  of  October  the  exploration  of  the  Dubuque  district  was  completed,  and 
the  special  rejMirts  of  all  the  townships  therein  were  dispatched  to  your  office  and  to 
the  office  of  the  register  at  Dubuque.  On  the  14th  of  Noveml)er  the  survey  of  the 
Mineral  Point  district  was  in  a  similar  manner  brought  to  a  close,  and  by  the  24th 
of  November  our  lalK)rs  finally  terminated  at  Stephenson,  in  Illinois,  the  examina- 
tious  of  all  the  lands  comprehended  in  my  instructions  having  been  completed  in 
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two  months  and  six  days  from  the  date  of  our  actual  commencement  in  the  field.  • 
Also  several  thousand  specimens — some  of  rare  beauty  and  interest — were  collected, 
arranged,  and  labeled. 

The  immediate  result  of  this  examination  was  to  establish  the  fact 
"that  the  district  surv^eyed  is  one  of  the  richest  mineral  regions,  com- 
pared to  extent,  yet  known  in  the  world."  The  area  marked  off  as 
including  the  productive  lead  region,  as  shown  by  his  map,  la}^  mainly 
in  Wisconsin,  but  comprised  also  a  strip  of  about  eight  townships  on 
the  Iowa  side  of  the  river  and  about  ten  townships  in  the  northwest 
corner  of  Illinois,  the  ore-bearing  stmta  being  limited  to  a  heavy- 
bedded  magnesian  limestone  which,  on  account  of  its  characteristic 
tendency  to  form  perpendicular  cliffs  when  subjected  to  weathering 
and  erosion,  he  called  the  Cliff  limestone.  This,  he  thought,  from  its 
fossil  remains,  to  be  the  equivalent  of  the  Upper  Silurian,  and  perhaps 
a  part  of  the  Lower  Silurian  of  Murchison.  Though  sparingly  devel- 
oped in  the  east,  this,  according  to  Owen,  ''swells  in  the  Wisconsin 
lead  region  into  the  most  remarkable,  most  important,  and  most  bulky 
member  of  the  group.  It  becomes,  as  it  were,  the  Aaron's  rod,  swal- 
lowing up  all  the  rest,"  and  attaining  a  thickness  of  upward  of  500 
feet.« 

Owen's  principal  assistants  were  Dr.  John  Loi'.ke,  who  reported 
mainly  on  the  barometrical  observations,  with  particular  reference  to 
the  measurement  of  altitudes  and  the  making  of  geological  sections, 
and  a  Mr.  E.  Phillips,  who  reported  on  the  timber,  soil,  and  pro- 
ductiveness of  the  region. 

On  April  18,  1838,  Abraham  Gesner,  whose  work  in  Nova  Scotia 
we  have  already  referred  to  (p.  336),  was  appointed  provincial  geologist 
of  New  Brunswick,  a  position  he  continued  to  hold  until  1843,  mak- 
ing during  this  time  five  brief  reports,  comprising 
New  Brunswick,  altogether  but  440  pages.  A  partial  geological  map 
was  prepared,  but  never  published.  A  considerable 
portion  of  the  reports  was  given  up  to  a  discussion  of  economic  mat- 
ters, particularly  the  coal  l>eds,  the  value  of  which,  as  noted  later,  he 
quite  overestimated.  The  first  four  reports  deal  largely  with  that 
portion  of  the  province  south  of  the  Miramichi,  Nashwaak,  and  St. 
John's  rivers.  The  fifth  and  last  (1843)  describes  the  country  of  the 
upper  St.  Jotn  and  that  between  the  headwaters  of  the  Tobique  and 
Ristigouche  rivers. 

A  gradual  advance  is  to  be  noted,  particularly  where  Gesner  in  his 
second  report  subdivided  his  gray  wacke,  which  he  thought  comparable 

«To  James  Hairs  proposition  to  substitute  the  name  Xiagara  for  Clijf)  Owen 
objectcnl,  claiming  that  the  Niagara,  as  known  in  the  east,  rei)resentod  only  a  i>art 
of  the  formation  he  was  dt»scribing.  In  this  last  he  was  certainly  right,  mure  recent 
work  having  shown  that  his  Cliff  limestone  included  also  IxhIs  belonging  to  what  is 
now  known  as  the  Trenton  pericxl  of  the  Lower  Silurian.     * 
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with  Murchisoirs  Silurian,  into  upper  and  lower  members,  of  which 
the  upper  contained  a  fossil  mollusk  which  he  identified  as  a  terebrat- 
ulite,  and  which  Dr.  G.  F.  Matthew^'  thinks  to  have  been  probably 
a  somewhat  poorly  preserved  OrihiH  blUlngm.  He  also  reported 
the  finding  of  remains  of  conifers,  calamites,  and  a  eactm  (?),  the  last 
being  regarded  by  Matthew  as  some  form  imitative  of  a  stigmaria. 
Though  the  full  significiince  of  these  fossil  remains  was  not  appre- 
ciated by  Gesner,  yet  he  must  be  regarded  as  a  pioneer  in  making 
known  the  flora  of  both  the  Cambrian  and  Carboniferous  beds  in  New 
Brunswick. 

In  his  fourth  report  he  classed  this  graywacke  with  Sedgwick's 
Cambrian.  About  this  time  (1842)  he  seems  to  have  become  ac(|uainted 
with  Agassiz's  glacial  theories  and  referred  to  the  expressed  opinions 
of  Lyell  and  Buckland  with  reference  thereto,  but  thought  that  "  the 
general  occurrence  of  diluvial  grooves  and  scratches  upon  the  sur- 
faces of  the  rocks  ♦  *  ♦  can  not  in  general  be  explained  unless 
by  admitting  that  a  great  current  of  water  has  passed  over  the  coun- 
try from  the  north  toward  the  south,"  though  ''it  appears  that  ancient 
glaciers  have  had  a  powerful  influence  in  the  accumulation  of  those 
parallel  mounds  of  erratic  sand  and  gravel  observed  in  different  parts 
of  these  provinces,  and  likewise  they  may  have  been  the  means  whereby 
bowlders  of  granite  and  other  rocks  have  been  scattered  over  the 
country." 

In  this,  his  fifth  report,  he  gave  a  general  description  of  the  coal 
fields  of  the  province,  which  he  estimated  as  embracing  an  area  of 
8,700  square  miles,  or  nearly  one-third  the  entire  area  of  New  Bruns- 
wick, making  it  one  of  the  largest  in  the  world.  Through  the  influ- 
ence of  these  reports  a  great  deal  of  interest  was  excited  in  the  public 
mind  concerning  the  mineml  wealth  of  the  province.  A  large  number 
of  mining  adventures  were  undertaken  with  the  expectation  of  imme- 
diate and  favorable  returns.  Few  of  these  were,  however,  successful, 
and  the  reaction  in  public  feeling  tended  to  throw  discredit  on  Ges- 
ner's  work  and  probably  was  influential  in  terminating  his  engage- 
ment, the  survey  being  brought  to  an  abrupt  conclusion  in  1848. 

The  problem  of  the  Tertiary  deposits  of   the  southern  Atlantic 

States,  which  up  to  date  had  been  touched  upon  in  a  scientific  manner 

only  by   Finch,   Morton,  Vanuxem,  and   Lea,  was  again,  in    1839, 

taken  up  by  T.  A.  Conrad.     In  the  journal  of  the 

on  the  Tertiary.        Philadelphia  Academy  of  Sciences  for  this  year  Con-  . 

rad  described  the  Tertiary  of  Maryland  as  occupying 
all  the  tract  south  of  an  irregular  line  running  from  the  vicinity  of 
Baltimore  to  Washington,  the  Potomac  Iwing  the  western  and  the 
Chesapeake  the  eastern  boundary.     The  de^wsit  in  the  vicinity  of  Fort 

«BulU4iu  15,  Natural  History  Society  of  New  BmnHwiek,  1S97. 
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Washington  on  the  Potomac,  he  sugj^ested,  was  probably  contempo- 
raneous with  the  London  clay,  i.  e.  Eocene. 

The  cause  of  the  change  in  the  character  of  animal  life  between  rocks 
belonging  to  the  different  animal  horizons,  was  regarded  by  Conmd  as 
due  to  climatic  changes.  '"Periodical  refrigeration  alone  can  explain 
the  sudden  extinction  of  wholef  races  of  animals  and  vegetables." 

It  is  well  to  note  that  in  his  Geological  Report  for  the  State  of  New 
York,  Conrad  recognized  the  fact  that  in  the  earlier  eras  of  our  planet 
the  temperature  was  uniform  and  the  seas  comparatively  shallow. 
Hence,  he  thought,  in  the  older  rocks  we  should  expect  to  find  organic 
remains  belonging  to  one  group  of  species  over  the  whole  globe. 
Deep  erosion  and  greater  variation  of  temperature  had  caused  more 
uncertainty  in  the  Upper  Tertiary  formations. 

In  connection  with  Conrad's  work,  it  may  not  be  out  of  pW*e  to  note 
that  Prof.  J.  L.  Riddell  this  same  year  described  the  surface  geology 
of  Trinity  County,  Texas,  and,  basing  his  determinations  mainly  on 
the  beds  of  lignite  there  found,  put  down  the  prevailing  sandstone 
as  Tertiary. 

Incidentally,  also,  it  may  be  noted  that  during  1840  Mr.  James  T. 
Hodge  made  a  trip  through  the  eastern  portion  of  the  southern  Atlan- 
tic States  and  made  extensive  collections  of  fossils,  which  were  turned 
over  to  Conrad  for  identification.  Hodge's  notes,  as  published  in  the 
Transactions  of  the  Association  of  American  Geologists,  contain  little 
of  geological  value,  but  the  list  of  fossils  comprised  some  134  species,  of 
which  32  were  then  new  to  science.     All  were  of  Tertiary  age. 

Conmd  was  born  in  Philadelphia  in  1803,  and  from  early  youth 
showed  a  decided  taste  for  natural-history  studies,  though  for  a  time 
following  the  calling  of  his  father — that  of  a  publisher  and  printer. 
The  work  noted  on  page  306  was  his  second  of  geolog- 
sketch  of  Conrad.  ical  importance,  and  was  preceded  also  in  1831  by  a 
paper  on  American  marine  conchology.  Of  his  subse- 
quent writings  on  conchology,  paleontology,  or  general  geology  upward 
of  twenty  related  to  the  Tertiary,  and  it  is  ui)on  these  that  his  fame  as  a 
geologist  chiefly  rests,  though  in  addition  he  described  the  fossils  col- 
lected by  the  Wilkes  exploring  expedition,  by  Lieutenant  Lynch's 
expedition  to  the  Dead  Sea,  by  the  Mexican  boundary  survey  under 
Lieutenant  Emery,  and  wa.s  first  geologist  and  then  paleontologist 
to  the  New  York  State  survey. 

Personally  Conrad  waa  peculiar. 

He  wrote  his  letters  and  labels  freijuently  on  all  sorta  of  scraps  of  pa|>er,  generally 
without  date  or  location.  He  was  naturally  careless  or  unmethodical,  and  his  cita- 
tions of  other  authors'. works  can  not  l)e  safely  trusted  without  verification,  and  are 
usually  incomplete.  He  had  a  very  poor  memory,  and  on  several  (X'casions  has 
re<ie8cril)ed  his  own  species.  This  defect  increased  with  age,  and,  while  no  (juestion 
of  willful  misstatement  need  arise,  made  it  impossible  to  place  implicit  confidence  in 
his  own  recollections  of  such  matters  as  dates  of  publication,     llj^iy  by  vjOOQ IC 
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He  himself  says,  in  a  characteristic  letter  to  ¥.  B.  Meek,  written 
July,  18()3: 

I  ^o  oil  Monday  to  lielp  H.  ferret  out  my  nkulkin^  specieH  of  paleozoic  shells. 
May  the  recorciinj^  angel  heli)  me.  God  and  I  knew  them  once,  and  the  Almighty 
may  know  still.     A  man's  memory  is  no  part  of  his  soul. 

Conrad  wjis  bitterly  opposed  to  the  doctrine  of  evolution,  and  pre- 
dicted that  Darwin's  wild  speculations  would  soon  be  forgotten.  Every 
geological  age  came,  according  to  him,  to  a  complete  close,  and  the  life 
of  the  succeeding  one  was  a  wholly  new  creation.  His  feeling  on  this 
subject  is  well  shown  in  a  letter,  also  to  Meek,  dated  February,  1869, 
where  he  says: 

I  sent  you  to-day  a  copy  of  my  paper  in  Kerr's  geological  report.  I  perceive  by 
03{)e,  Martin,  and  Hayden's  researches  that  they  have  not  found  that  phantom  of 
the  imagination,  a  formation  between  chalk  and  Eocene.  The  world  has  been  so 
thoroughly  harried  by  despairing  development  philosophers  with  so  little  result  that 
they  may  as  well  say  the  "game  is  up,"  and  not  speculate  on  lost  fonnations  lying 
at  the  bottom  of  the  ocean,  a  desi>erate  expe<lient  to  save  genetic  succession.  It  is 
strange  that  geologists  can  not  recognize  an  Azoic  era  after  the  chalk.  I  consider,  in 
the  light  of  jjaleontology,  the  advent  of  one  only  form  of  life  in  the  beginning  to  be 
absurd.  The  history  of  Lingula  ought  to  teach  us  the  i)ermanence  of  certain  forms 
of  life  from  the  beginning,  while  thousands  of  others  were  created  and  died  out. 

Poor  in  health,  given  to  melancholy  and  low  spirits,  he  furnished 
to  American  geological  historv  that  which  has  a  counterpart  only  in 
Percival,  and  like  Percjval,  it  may  be  added,  he  was  sometimes  given 
to  rhyming,  though  unlike  Percival,  he  was  slovenly  and  careless  in 
his  work  to  a  point  beyond  endurance. 

His  melancholy  increased  with  age,  and  freciuent  ill  health  caused 
him  at  times  to  lose  interest  in  every  undertaking. 

A  period  of  moping  would  usually  end  in  his  writing  some  verses  which  nolnxiy 
would  praiw^  an<l  this  set»med  sufficiently  to  nettle  him,  to  rouse  him  thoroughly, 
and  he  would  ])ecome  again  enthusiastic  in  the  matter  of  shells  and  fossils. 

It  was  pn^sumably  during  one  of  these  moping  i)eriods  that  he 
wrote  again  to  Meek  under  date  of  October  24,  1804,  as  follows: 

I  am  troubled  with  the  cui  lx)no  malady,  and  freijuently  wish  to  l)e  under  the 
"clods  of  the  valley."  The  idea  of  suicide  haunts  me  continually,  and  I  wish  to 
get  to  work  to  banish  the  horrors,  but  whatever  side  I  look  at  work  it  brings 
exi>ense8  I  think  I  would  regret.  Singular  inconsistencies  of  man.  I  don't  expect 
to  live  much  longer,  yet  shrink  from  expenses,  but  such  is  the  hartl  mental  twist 
that  early  poverty  givt«  the  mind.  My  blues  have  ])een  considerably  increased  by 
the  death  of  DiK'tor  Moore, <'  who  I  loved  more  than  most  other  men,  and  by  the 
death  of  my  nearest  and  deart»st  sister  with  whom  I  lived  in  Trenton.  Now  I  must 
plunge  into  the  marl  l>eds  to  keep  up  a  little  time  longer  and  ho|)e  to  finish  the 
Miocene  figures  l)efore  I  go  where  no  dreams  of  new  discoveries  will  haunt  me. 
Kxcuse  this  t»gotism;  it  is  the  last  of  it;  but  you  now  s<h»  why  I  do  so  little.  Only 
<me  thing  nMiuiir.s.  1  don't  suppose  you  ftH*l  the  want  of  a  houic,  but  1  have  felt  it 
all  my  life,  and  the  dreams  of  an  Kgeria  have  overtopjHMl  the  dreams  of  scieiuv,  so 

"  Dr.  W.  I).  Moore,  of  the  Tnivei-sity  t>f  Misj^issipni 
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that  in  the  midst  of  geological  pursuit  a  horrid  vacancy  has  yawnt»d  in  my  heart, 
and  a  grinning  devil  laugluHl  over  a  drawer  of  fossil  shells.  A  small  Hamlet  in 
science,  1  grow  old  and  reform  not. 

Conrad,  though  primarily  a  paleontologist,  was  sonietinies  drawn 
out  of  his  chosen  field  by  phenomena  too  obvious  to  be  overlooked, 
and  concerning  the  nature  of  which  little  was  actually  known,  even  by 
the  best  authorities.  The  occurrence  of  enormous 
Se  arift.'JSp.*'  bowlders  in  the  drift  and  resting  often  upon  uncon- 
solidated sand  and  gravel,  naturally  called  for  an 
explanation.  That  such  could  not  have  been  brought  into  their  present 
position  through  floods  was  to  him  obvious,  neither  could  they  have 
been  floated  by  ic^  floes  from  the  north  during  a  period  of  terrestrial 
depression. 

He  assumed,  rather,  that  the  country,  previous  to  what  is  now 
known  as  the  glacial  epoch,  was  covered  with  enormous  lakes,  and 
that  a  change  in  climate  ensued,  causing  them  to  become  frozen 
and  conv^erted  into  immense  glaciers.  At  the  same  time,  elevations 
and  depressions  of  the  earth's  surface  were  in  progress,  giving  various 
degrees  of  inclination  to  the  frozen  surfaces  of  the  lakes,  down  which 
bowlders,  sand,  and  gravel  would  be  impelled  to  great  distances  from 
the  points  of  their  origin.  The  impelling  force  might,  in  some  cases, 
be  gravity  alone;  but  during  the  close  of  the  epoch,  w  hen  the  tempera- 
ture had  risen,  vast  landslides  —avalanches  of  mud  filled  with  detritus — 
would  be  propelled  for  many  miles  over  these  frozen  lakes,  and  when 
the  ice  disappeared  the  same  would  be  deposited  in  the  form  of  a 
promiscuous  aggregate  of  sand,  gi-avel,  pebbles,  and  bowlders.  The 
polished  and  scratched  surface  of  the  rocks  in  western  New  York  he 
ascribed  to  the  action  of  sarid  and  pel)bles,  which  were  carried  by 
moving  bodies  of  ice,  that  is.  apparently,  to  local  glaciation. 

The  year  1839  seems  to  have  been  one  of  remarkable  activitv  among 
American  geologists.  Moreover,  the  various  publications  began  to 
show  a  greater  variation  in  individual  opinion  and  a  disposition  on 
the  part  of  many  to  judge  for  themselves  rather  than 
vSST  ^sio!^**  *  follow  too  implicitly  the  opinions  of  others.  Many  of 
the  ideas  put  forward  were  naturally  crude  (How  could 
they  be  otherwise?),  but  furnish  us  with  a  very  good  insight  into  the 
gradual  evolution  of  ideas  upon  a  great  variety  of  subject;^. 

George  E.  Hayes  wrote  upon  the  geology  and  topography  of  western 
New  York  and  incidentally  put  forth  several  theoretical  ideas  worthy 
of  mention,  even  though  ill-founded.  He  took  occasion  to  deplore  the 
common  custom  of  invoking  the  assistance  of  the  Noachian  deluge  to 
account  for  such  results  as  erosion  and  the  distribution  of  the  drift. 
He  felt  that  '^  the  condition  of  a  continent  gradually  elevated  from  the 
ocean,  whether  by  volcanic  action  or  by  the  expansive  force  of  crys- 
tallization, or   bv  anv  other  cause  whatever,   would  l)e  /oich  iisito 
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account  for  all  the  geological  phenomena  hitherto  attributed  to  the 
mechaniail  action  of  water/'  The  formation  of  such  termces  as  Hitch- 
cock had  described  in  the  valley  of  the  Connecticut  he  thought  might 
be  due  to  the  action  of  waves  and  tides.  He  regarded  it  as  idle  to 
suppose  that  existing  streams  have  carved  out  their  own  channels,  and 
ridiculed  the  idea  that  the  falls  of  Niagara  were  once  at  Lewiston, 
seven  miles  below  their  present  position,  as  had  been  contended  by 
the  English  geologist,  Bakewell. 

He  also  decried  all  attempts  at  estimating  the  age  of  the  falls  or  the 
time  before  they  would  so  far  cut  back  as  to  drain  Lake  Erie.  It  was 
his  idea  that  the  channel  below  the  falls  was  cut  while  the  rocks  were 
being  slowly  raised  above  the  level  of  the  great  inland  sea  and  forming 
a  limestone  ridge  or  reef  across  which,  at  its  lowest  points,  strong 
currents  would  alternately  sweep  during  the  ebb  and  flow  of  the  tides. 
As  the  elevation  progressed  the  currents  would  become  more  and 
more  confined  to  the  weakest  and  lowest  points  in  the  barrier,  until 
in  course  of  time  the  whole  force  of  the  conflicting  currents  would  be 
concentrated  at  one  point.  '•  The  power  of  the  waves  and  the  influx 
of  the  tide  operating  from  below  would  be  applied  to  the  best  possible 
advantage  in  tearing  up  the  strata  which  most  impeded  their  course, 
while  the  current,  combined  with  the  receding  tide,  would  carry  off 
the  fragments.  In  this  manner  the  valley  of  the  Niagara  was  doubt- 
less formed."    (See  Hall's  views,  p.  384.) 

The  lake  beds  of  the  region  he  imagined  to  have  been  formed  by  the 
unequal  erosion  along  the  edges  of  uplifted  strata,  Lake  Erie  lying  at 
the  junction  of  shale  and  limestone.  Before  this  limestone  had  become 
sufficiently  elevated  to  shut  out  the  sea  from  the  basin  now  occupied 
by  the  lakes  he  conceived  a  strong  current  to  have  set  in  through  the 
Gulf  of  St.  Lawrence,  finding  its  way  through  the  valleys  of  the 
Mohawk  and  Hudson,  and  dropping  on  its  course  the  large  quantity^ 
of  bowlders  foreign  to  the  localities  now  so  plentifully  distributed 
over  the  surface. 

As  early  as  1823  Governor  Woodbury,  in  his  message  to  the  State 
legislature  of  New  Hampshire,  had  recommended  an  agricultural  sur- 
vey, having  particularly  in  mind  chemical  investigations  of  the  various 
kinds  of  soils.     It  was  not,  however,  until  1839  that, 

Jackson's  Survey  of  777 

New  Hampshire.        uudcr  the  earnest  solicitation  of  Governor  Page,  a 

1839-40. 

geological  and  mineralogical  survey  was  organized, 
and  Dr.  C.  T.  Jackson  placed  at  its  head.  This  survey  continued  for 
three  3M^ars,  receiving  annual  appropriations  of  $3,000  to  cover  all 
expenses.  The  final  report  appeared  in  the  form  of  an  octavo  volume 
of  375  pages,  with  two  plates  of  colored  sections  and  an  uncolored 
map  of  the  State  on  which  the  various  formations,  or,  rather,  rock 
types,  were  indicated  by  numbers.  The  localities  of  useful  minerals, 
peats,  etc.,  were  also  indicated,  as  were  the  dip  and  strike  of  the  more 
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iraportant  rocks.  .F.  D.  Whitney  servc^l  as  assistant  in  the  laboratory 
of  the  survey. 

As  with  other  of  Jackson's  reports,  this  work  contained  scarcely 
anything  of  a  theoretic  or  advanced  nature,  although  he  did  suggest 
that  the  apparent  dipping  of  the  Vermont  marble  beds  under  the  Green 
Mountains  might  be  due  to  ''a  folding  or  doubling  l)ack  of  the  strata, 
which  may  curve  around  and  pass  down  toward  the  shores  of  Lake 
Champlain,  where  the  same  strata  may  be  composed  of  marine  shells." 
He  noted  also  that  the  secondary  rocks  must  at  some  time  have  been 
horizontal  and  formed  a  continuous  deposit  extending  entirely  across 
the  region  now  occupied  by  the  White  Mountains.  If,  however,  the 
secondary  stmta  were  to  be  restored  to  their  original  horizontal  posi- 
tion, he  found  an  insuflSciency  of  materials  to  cover  the  gap  left  by 
the  removal  of  the  primary  rocks  composing  these  mountains.  This 
he  would  ascribe  to  the  breaking  up  of  the  secondary  rocks  at  this 
point  through  the  sudden  elevation  of  the  primaries  and  a  more  or  less 
altering  of  the  same  by  heat. 

It  was  Jackson's  idea,  as  set  forth  in  this  report,  that  highly 
inclined  stratified  rocks  could  have  been  made  to  assume  that  position 
only  by  some  distorting  cause  other  than  aqueous  action.  This  cause 
he  conceived  to  be  ^' a  deep-seated  power  residing  in  the  interior  of 
the  crust  of  the  globe,"  the  power  itself  being  furnished  l)y  the 
''great  caldron  of  molten  rocks  and  pent  up  gases  and  steam,  there 
being  no  more  difficulty  in  our  conceiving  of  the  adequacy  of  this 
force  than  in  the  prodigious  power  of  steam  in  moving  the  enormous 
engines"  daily  seen  in  operation.  He  conceived  that  a  better  idea  of 
this  power  might  Ix^  gjiined  if  one  "look  to  the  dimensions  of  the 
earth's  great  boiler,  and  consider  the  comparative  thinness  of  its 
sides."  Volcanoes  he  devoutly  referred  to  as  safety  valves  which 
prevented  a  geneml  upbursting  of  volcanic  tires,  and  ''  hold  all  in  the 
most  perfect  order,  and  preserve  the  earth  in  safety." 

His  views  regarding  the  glacial  drift  would  seem  to  have  undergone 
no  appreciable  change  since  1839,  although  perhaps  somewhat  dif- 
ferently expressed  in  the  later  reports.  He  wrote  of  this  drift  as  due 
to  the  "ocean  waters  and  seas  of  ice  from  the  polar  regions  having 
been  hurled  with  violence  over  the  surface  of  the  northern  hemisphere 
during  a  period  of  shallow  subsidence."  The  drifting  of  bowlder- 
laden  icebergs  would  account  for  the  glacial  stria?,  but  the  glacial 
theory  of  Agassiz  he  looked  upon  as  quitt*.  insufficient  and  al)surd.  It 
is  to  be  noted,  however,  that  his  only  conception  of  glaciers  was  that 
of  mountain  glaciers  of  the  Swiss  type,  the  onetime  presence  of 
which  was  disproved  by  the  nonradiating  character  of  the  drift  and 
strife.  This  glacial  flood  to  which  he  now  ap[)ealed,  however,  was  not 
regarded  as  contemporaneous  with  the  Noachian  deluge,  ])ut  as  having 
occurred  before  the  advent  of  man.  ^  , 
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He  recognized  the  plant  origin  of  the  coal  beds,  considering  them 
as  products  of  growth  in  low,  moisl,  and  warm  bogs,  which  were  at 
no  great  height  above  sea  level,  and  which  were  frequently  subjected 
to  slow  and  gradual  submergence  and  reelevation,  in  this  following 
the  other  authorities  of  the  day. 

In  1837  there  was  organized  a  State  geological  survey  of  Michigan, 

the  sum  of  $3,000  being  appropriated  for  the  carrying  out  of  the 

work  the  first  year,  the  amount  being  increased  to  $6,000,  $8,000,  and 

$12,0(X),  respectively,  for  each  of  the  three  succeeding 

NvSS^^Asiy^t^  years,  which  limited  the  life  of  the  organization. 

Douglass  Houghton,  then  not  30  years  of  age, 
was  made  State  geologist,  and  during  his  terra  of  office  issued  five 
annual  reports,  the  last  bearing  date  of  1842.  His  chief  assistants 
were  Bela  Hubbard  and  C.  C.  Douglas.  During  the  winter  of  1837-38 
the  survey  was  reorganized  with  particular  reference  to  provisions 

for  zoological,  botanical,  and  topographical 
departments,  and  additional  assistants  were 
appointed  to  take  charge  of  these  branches 
of  the  work. 

In  his  first  annual  report,  a  document  of  37 
pages,  Houghton  noted  the  geological  fea- 
tures of  the  Lower  Peninsula,  classifying  the 
formations  under  the  heads  of  upper  sand 
H^  rock,  gray  limestone,  and  lower  sandstone  or 

'  ^  V  ^  gray  wacke  group,  lying  for  the  most  part  in 

nearly  horizontal  positions.  The  sandstones 
of  the  Upper  Peninsula  were  regarded  as 
belonging  to  the  Carboniferous  series." 

In  his  second  annual  report  he  detailed 
the  topogi-aphical  and  general  character  of 
the  northern  portion  of  the  peninsula,  with  special  remarks  upon  the 
clays,  marls,  and  gypsums.  He  devoted  considerable  attention  to  a 
consideration  of  the  change  of  elevation  in  the  waters  of  the  Great 
Lakes,  which  were  then  at  a  higher  point  than  had  been  known  for 
many  years.  Many  rather  startling  and  mysterious  reports  had  been 
previously  circulated  regarding  the  abrupt  change  in  the  level  of  the 
water  of  the  lakes,  and  hence  Houghton's  report  at  this  time  was  of 
particular  significance.  His  conclusions  were  to  the  eflfect  that  the 
entire  series  of  changes  were  due  to  periods  of  increased  rainfall. 

A  special  report  on  the  State  salt  springs  was  also  submitted  at  about 
this  time.  In  this  Houghton  announced  that  he  had  visited  the  salines 
of  Pennsylvania,  Virginia,  and  Ohio  with  the  view  of  acquiring  infor- 
mation to  guide  his  procedure,  and  had  commenced  the  boring  of  two 
wells — one  on  the  Tittabawassee,  near  the  mouth  of  Salt  River,  and 


Fig.  31.— Bela  Hubbard. 
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the  other  at  Grand  River,  a  few  miles  west  of  Grand  Rapids.  Both 
wells,  it  nia>'  be  stated,  have  proved  failures,  owing  to  the  weakness 
of  the  brine. 

The  third  animal  report,  of  111  pages,  contained  a  de>scription  of  the 
topography  and  geology  of  the  portion  of  the  Upper  Peninsula  bor- 
dering on  Lakes  Michigan  and  Huron,  together  with  notices  of  the  coal, 
iron,  stone,  and  bog  ores  of  the  southern  peninsula.  The  rocks  of 
the  Upper  Peninsula  were  classified  as  primary  and  sedimentary,  the 
latter  being  subdivided  into  a  lower  lime  rock  and  shales  and  upper 
lime  rocks. 

The  fourth  annual  report,  1841,  was  given  up  largely  to  articles  by 
Doctor  Houghton  on  the  topograph}^  geology,  and  mineralogy  of  the 
country  bordering  Lake  Superior.  This  contained  also  a  description 
of  the  mineral  veins  of  the  trap  and  conglomerate.  Although  not  so 
stated  here,  it  may  be  well  to  remark  that  Houghton  regarded  the 
copper-bearing  veins  of  the  Lake  Superior  region  as  fissure  veins 
filled  from  below  by  the  metal  in  a  state  of  vapor  or  of  compounds 
having  their  origin  from  copper  in  the  native  form. 

The  fifth  annual  report  was  limited  to  but  six  pages,  owing  to  the 
fact  that  the  appropriations  by  the  legislature  were  curtailed,  the 
country  sufl"ering  under  pressure  of  a  financial  crisis.  Houghton  was 
not,  however,  content  to  drop  the  work,  and  in  1844,  in  connection 
with  W.  A.  Burt,  devised  a  plan  for  connecting  the  linear  surveys  of 
the  public  lands  of  the  United  States  with  the  geological  and  mineral- 
ogical  sui*vey  of  the  country.  This  plan  was  f ull v  set  forth  in  a  paper 
prepared  and  read  by  him  before  the  Association  of  American  (xeolo- 
gists  at  Washington  in  that  year.  Under  the  recommendation  of  the 
General  Land  Office  Congress  appropriated  funds  for  the  purpose,  and 
Doctor  Houghton  was  appointed  to  undertake  the  work.  According 
to  the  plan  thus  agreed  upon  Mr.  Burt  was  to  take  charge  of  running 
the  township  lines  of  the  Upper  Peninsula,  the  subdivisions  to  be  made 
by  deput}'  surveyors,  and  Doctor  Houghton  was  to  have  the  director- 
ship of  the  entire  work.  The  rocks  crossed  by  lines  were  to  be  exam- 
ined, and  observations  made  as  to  the  general  geological  and  topo- 
graphical features  of  the  country.  The  S3^stem  had  been  fairly  organ- 
ized and  the  field  work  of  one  season  nearly  completed  when,  on  the 
13th  of  October,  1845,  Doctor  Houghton  met  his  death  by  drowning 
during  a  snowstorm,  while  making  his  way  in  an  open  sailboat  along 
the  west  shore  of  Lake  Superior. 

Houghton  graduated  in  1828  at  what  was  then  America's  chief  train- 
ing school  for  geologists,  the  Rensselaer  Polytechnic 
Sketch  of  Houffhton.  Institute,  and  was  almost  immediately  appointed  assist- 
ant to   Professor   Eaton.     In   1830,  having   but  just 
attained  his  majority,  he  delivered  a  course  of  lectures  at  Detroit  on 
chemistry,  botany ,  and  geology,  an  example  no  man  of  several  times  his 
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age  would  care  to  follow  to-day  unless  quite  repfardless  of  his  reputa- 
tion. But  such  was  the  condition  of  knowledge  at  that  time.  In  1831 
he  entered  upon  the  pmctice  of  medicine,  and  soon  after  received  the 
appointment  of  surgeon  and  botanist  to  the  expedition  under  School- 
craft for  the  discovery  of  the  sources  of  the  Mississippi.  His  public 
career  as  a  scientific  man  began,  therefore,  with  that  date. 

Houghton  is  described  by  his  biogmphcr  "  as  a  man  of  rather  small 
stature,  with  hands  and  feet  small  and  delicately  formed;  head  large 
and  well  developed;  with  blue  eyes,  well  shelt^^red  underneath  massive 
brows,  and  showing  upon  his  ears,  nostrils,  and  mouth  scars  from  an 
accidental  explosion  of  powder,  which  took  place  during  some  of  his 
boyish  experiments.  In  early  life  he  had  suffered  severely  from  a 
hip  disease  w^hich  had  left  one  leg  a  little  short,  though  not  sufficiently 
so  to  cause  him  to  limp.  His  temperament  was  warm  and  nervous; 
his  movements  quick  and  earnest.  Young,  ardent,  and  generous  to  a 
fault,  he  seems  to  have  made  friends  wherever  he  went,  and  soon 
became  the  most  prominent  and  popular  man  in  the  State. 

Everywhere  his  ability  and  energy  were  acknowledged.  No  name  throughout  the 
distant  and  rural  dii^triots  was  so  often  uttered.  His  daring,  his  generous  acts,  his 
good  humor,  his  racy  stories  were  repeated  everywhere.  *  *  *  Every  man 
seemed  to  feel  a  pride  in  the  growing  celebrity  of  Houghton,  and  the  familiar  epi- 
thets "The  little  doctor,"  *' Our  Doctor  Houghton,"  "  The  boy  geologist  of  Midii- 
gan,"  became  common  throughout  the  State. 

"Alvah  Bradish,  Memoir  of  Douglass  Houghton,  Detroit,  18S9. 
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CHAPTER  IV. 

THE  ERA  OF  STATE  SURVEYS,  SECOND  DECADE,  1840-1849. 

The  fever  for  State  surveys,  so  prevalent  during  the  last  decade, 
would  seem  to  have  very  quickly  subsided,  since  during  the  period 
now  under  consideration  such  were  established  only  in  Alabama, 
South  Carolina,  and  Vermont.  Governmental  surve3^s  were  also  few, 
being  limited  to  those  by  D.  D.  Owen  in  the  Chippewa  land  district, 
and  Jackson,  Foster,  and  Whitnev  in  the  Lake  Superior  region. 

The  cause  of  this  sudden  cessation  is  not  quite  apparent.  Nine  of 
the  twent^'-six  States  forming  the  Union  at  the  beginning  of  the 
decade  had,  so  to  speak,  escaped  the  contagion,  and  only  the  three 
above  mentioned  succumbed  during  the  period,  leaving  Arkansas, 
Georgia,  Illinois,  Kentucky,  Louisiana,  Mississippi,  and  Missouri 
still  unprovided  for.  It  is  possible,  and  perhaps  probable,  that  the 
period  of  great  financial  depression  beginning  in  1836  may  have  had 
something  to  do  with  it,  but  as  nine  of  the  sixteen  inaugurated  dur- 
ing the  decade  1830-1840  were  established  either  during  1836  or  the 
three  years  immediately  following,  this  is  perhaps  open  to  question. 
An  important  factor  may  have  been  the  lack  of  geologists  to  agitate  the 
subject  and  carry  on  the  work,  nearly  ever}^  man  of  prominence  and 
experience  being  engaged  in  surveys  and  organizations  already  under 
way.  The  period  was,  nevertheless,  one  of  importance,  one  of  mani- 
fest results  rather  than  of  organization  and  prepamtion. 

The  single  event  of  greatest  consequence  during  the  decade  was  the 
appearance  of  the  four  quarto  volumes  constituting  the  final  reports 
of  Mather,  Emmons,  Hall,  and  Vanuxem  of  the  New  York  survey,  an 
event  which  would,  however,  have  been  paralleled  by  the  reports  of 
Rogers  in  Pennsylvania  but  for  the  dilatoriness  of  the  State  author- 
ities. The  volume  of  literature  was  naturally  greater  than  at  an\' 
previous  period,  since  it  included  many  of  the  reports  of  organizations 
of  the  previous  decade,  as  those  of  Percival  in  Connecticut  (1842), 
Booth  in  Delaware  (1841),  Jackson  in  New  Hampshire  (1844)  and 
Rhode  Island  (1840),  and  Rogers  in  New  Jersey  (1840).  The  estab- 
lishment of  a  geological  survey  of  Canada  in  1841,  the  coming  of 
Lyell  to  America  in  the  same  year,  the  publication  of  his  "Travels'' 
in  1844,  and  the  coming  of  Agassiz  in  1846  should  also  be  mentioned. 
The  most  noted  of  the  pai'ticipants  in  the  events  of  the  decade,  as  will 
be  seen,  were  H.  D.  Rogers,  tlien  in  full  vigor;  Edward  Hitchcock, 
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mature  and  conservative;  D.  D.  Owen,  by  all  means  the  leader  in 
reconnaissance  work,  and  W.  W.  Mather,  ffames  Hall  was  rapidly 
forging  to  the  front  among  paleontologists,  while  A.  D.  Dana,  in  the 
full  flush  of  early  manhood  and  fresh  from  the  experiences  of  the 
Wilkes  expedition,  began  the  important  series  of  papers  dealing  with 
the  grander  problems  of  earth  history  which  soon  placed  him  foremost 
in  the  ranks  of  American  geologists  and,  indeed,  among  the  geologists 
of  the  world. 

Among  the  names  which  were  to  appear  prominently  in  the  decade 
will  be  found  those  of  E.  T.  Cox,  Ebenezer  Emmons,  J.  P.  Lesley, 
F.  B.  Meek,  B.  F.  Shumard,  Michael  Tuomey,  and  J.  D.  Whitney. 

Geology,  at  the  opening  of  the  decade,  had  found  a  place  in  the 
curricula  of  the  leading  colleges  of  the  land,  as  at  Bowdoin,  in  Maine; 
Amherst  and  Williams,  in  Massachusetts;  Yale,  in  Connecticut;  the 
Rensselaer  Institute,  in  New  York;  the  University  of  Virginia,  at 
Charlottesville;  the  Universit}^  of  North  Carolina,  at  Chapel  Hill,  and 
the  College  of  South  Carolina,  at  Columbia. 

The  Smithsonian  Institution  came  into  existence  also  during  this 
period.  The  National  Institute  for  the  Promotion  of  Science  and  the 
Society  of  American  Naturalists  and  Geologists  were  formed  at  the 
very  beginning  of  the  decade,  the  last  named  to  be  in  1847  merged 
into  the  American  Association  for  the  Advancement  of  Science.  The 
retrospect  was  pleasing,  the  prospect  encoumging. 

In  1840  an  immense  stride  in  the  study  of  the  drift  deposits  was  made 
through  the  publication  of  Louis  Agassiz's  Etudes  sur  les  Glaciers,  a 
work  comprising  the  results  of  his  own  study  and  observations  com- 
bined with  those  of  Jan  de  Charpentier,  E.  T.  Venetz, 
t8S^^,'*840?*''  *"^  ^'  ^^-  Hugi.  The  work  was  published  in  both 
French  and  German  and  brought  to  a  focus,  as  it 
were,  the  scattered  mys  with  which  the  obscure  path  of  the  glacial 
geologist  had  been  heretofore  spasmodically  ilhuninated.  But  libraries 
in  America  were  few  and  far  between,  the  workers  were  poor,  and 
many  remained  long  in  ignorance  of  the  existence  of  the  treatise  or 
gained  but  a  partial  and  imperfect  idea  of  its  contents  through  hearsay 
or  brief  reviews  in  periodicals. 

The  prevalent  ideas  on  the  subject  of  the  drift  have  been  from  time 
to  time  given  in  these  pages.  It  was  Agassiz's  idea,  based  upon  obser- 
vations in  the  Alps  and  the  Juras,  and  what  was  known  regarding  exist- 
ing conditions  in  northern  Si}>eria,  that  at  a  peritxl  geologically  very 
recent  the  entire  hemisphere  north  of  the  thirty-fifth  and  thirty-sixth 
parallels  had  been  covered  by  a  sheet  of  ice  possessing  all  the  char- 
acteristics of  existing  glaciers  in  the  Swiss  Alps.  Through  this  agency 
he  would  account  for  the  loose  beds  of  sand  and  gravel,  the  bowlder 
clays,  erratics,  and  all  the  numerous  phenomena  within  the  region 
described  which  had  heretofore  been  variously  iv^cribed  to  the  Noa<*hian 
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deluge,  the  bursting  of  dams,  the  sudden  melting  of  a  polar  ice  cap, 
or  even  to  cometary  collisions  with  the  earth. 

Agassiz's  ideas  were  favorably  received  by  the  majority  of  workers 
in  Europe  and  Great  Britain,  though  there  was  naturally  a  highly 
commendable  feeling  of  caution  against  their  too  hasty  acceptation. 
As  a  reviewer  in  the  American  Journal  of  Science  has  put  it: 

These  very  original  and  ingenious  speculations  of  Professor  Agassiz  must  be  held 
for  the  present  to  be  under  trial.  They  have  been  deduced  from  the  limited  number 
of  factfi  observed  by  himself  and  others  and  skillfully  generalize<l ;  but  they  can  not 
be  considered  as  fully  established  until  they  have  been  brought  to  the  test  of  observa- 
tion in  different  parts  of  the  world  and  under  a  great  variety  of  circumstances. 

The  eflfect  of  the  publication  was,  however,  soon  apparent  in  Amer- 
ican literature.  Thus,  in  1839  James  Hall,  then  a  young  man  of  28  and 
just  coming  into  prominence  in  connection  with  the  geological  surve}^ 
of  New  York,  had,  with  all  the  confidence  of  3^outh,  written  upon  the 
glacial  deposits  as  they  had  come  under  his  observation.  Such  he 
regarded  as  due  to  water  action,  but  to  the  action  of  opposite  and  con- 
flicting, rather  than  single,  uniform  currents.  The  great  extent  of 
the  deposits  and  the  evidence  of  long-continued  wear  shown  by  their 
materials  proved  to  him  that  the  force  which  produced  them  was  not 
violent  and  sudden,  but  continued  for  an  indefinite  period. 

Four  years  later  (1843)  Prof.  Charles  Dewey,  writing  on  the  striae 
and  furrows  on  the  polished  rocks  of  western  New  York,  argued  that, 
while  the  bowlders  of  the  drift  indicated  that  a  mighty  current  had 
swept  from  north  to  south,  the  polishing  and  grooving  might  be  due 
to  glaciers  as  described  by  Agassiz. 

Glaciers  or  icebergs  and  the  strong  current  of  waters — a  union  of  the  two  powerful 
causes — probably  offers  the  least  objectionable  solution  of  those  wonderful  changes. 

Though  disposed  thus  to  accept  in  part  Agassiz's  conclusions,  Dewe}' 
yet  failed  to  realize  their  full  possibilities.  He  could  not  conceive 
how  it  was  possible  for  a  glacier  to  transport  sandstone  bowlders  from 
the  shore  of  Lake  Ontario  to  the  higher  level  of  the  hills  to  the  south- 
ward. Bowlders  of  gra^^wacke  removed  from  the  hills  in  the  adjoin- 
ing part  of  the  State  of  New  York  and  scattered  throughout  the 
Housatonic  Valley  furnished  a  like  difficulty,  since  between  the  place 
of  origin  and  that  of  deposit  lay  the  Taconic  range  of  mountains. 
''If,"  he  wrote,  "the  bowlders  were  once  lodged  on  the  glacier,  the 
ice  and  bowlders  must  have  been  transported  by  a  flood  to  waters  over 
the  Taconic  Mountains."  The  Richmond  bowlder  train,  concerning 
which  we  shall  have  something  to  say  later,  was  likewise  a  source  of 
difficulty  in  his  acceptation  of  Agassiz's  theory. 

At  the  April,  1841,  meeting  of  the  Society  of  American  (Jeologists 
and  Natunilisti  Mr.  R.  C.  Taylor  exhibited  and  described  in  detail  a 
model  of  the  western  [mrt  of  the  southern  coal  field  of  Peiuisylvania. 
This  he  stated  to  be  the  first  model  constructed  in  the  United  States. ' 
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Such  being  the  case,  it  is  worthy  of  remark  that  he  regarded  the  then 

customary  (and  to  some  extent  still  prevailing)  habit  of  exaggerating 

the  vertical  relief  as  '"a  hideous  burlesque  upon  the 

R.C.Taylor  and  the         ^       ,  ^       i.   .i         t   ^    •    ^  ^    i  ., 

Firtt  OeokMTicai  actual  aspect  of  the  district  represented  or,  rather, 
misrepresented,"  and  that  he  had  himself  ''for  some 
time  ceased  to  make  any  such  difference  between  the  horizontal  and 
vertical  scale."  Taylor,  it  should  be  noted,  was  particularly  active 
during  the  period  1831  to  1839,  his  papers  relating  almost  wholly  to 
economic  problems  and  appearing  largely  in  the  Transactions  of  the 
Geological  Society  of  Pennsylvania.  His  most  pretentious  publica- 
tion was  that  entitled  Statistics  of  Coal,  a  volume  of  754  pages  relating 
to  the  coal  fields  of  the  world,  published  in  1848. 

Troost's  sixth  annual  report  as  State  geologist  of  Tennessee,  a 
pamphlet  of  48  pages,  was  made  in  October,  1841;  his  seventh,  of  45 
pages,  in  1843;  the  eighth,  of  but  20  pages,  in  1845;  and  the  ninth  and 
last  in  1848.  During  the  interval  between  his  fifth  and 
TenoMM^TsVi!  sixth  reports  he  had  become  acquainted  with  the  work 
of  Sedgwick  and  Murchison  in  England,  and  the  result 
is  a  slight  modification  of  his  views  regarding  the  rocks  of  Tennessee. 
He  now  announced  the  conclusion  that  those  rocks  west  of  the  line  which 
separated  Tennessee  from  the  State  of  North  Carolina,  and  previously 
classified  by  him  as  transition  under  the  names  of  graywacke,  etc., 
belong  to  Sedgwick's  Cambrian  system.  The  range  known  by  the 
name  of  Bays  Mountains,  which  extends  into  Tennessee  for  about  100 
miles  in  a  northeast  and  southwest  direction,  he  believed  to  terminate 
this  system  toward  the  west.  A  few  pages  farther  on  he,  however, 
thrust  a  doubt  on  this  determination  by  writing: 

I  consider  *  *  *  that  Bays  Mountain  forniH  tho  upper  part  of  the  Cambrian 
system  or  that  it  perhaps  Ijelongs  to  the  Old  Red  Sandstone;  that  thence  toward  the 
north  of  that  mountain  chain  another  formation  commencei?,  which  is  the  Silurian 
system  of  Murchison. 

To  which  of  his  particular  subdivisions  they  should  belong  he  was 
in  doubt.  He  felt,  however,  it  was  possible  they  might  be  the  equiva- 
lent of  Murchison's  Llandeilo  flags  (Upper  Cambrian). 

The  oolitic  limestones  and  siliceous  strata  toward  the  west  of  the 
Cumberland  Mountains  he  thought  to  rest  upon  a  continuation  of  the 
Silurian  system,  more  generally  known  under  the  name  of  ''mountain 
limestone.''  This  he  made  to  extend  over  the  whole  of  middle  Tennes- 
see to  a  few  miles  east  of  the  Tennessee  River. 

In  his  seventh  annual  report  he  announced  that  the  region  about 
Nashville  was  composed  of  strata  belonging  to  the  Silurian  system, 
and  mentioned  the  fossils  which  h(*  considered  as  characteristic  of  the 
lowest  strata.  In  this  report  he  gave  a  debiil  colored  geological  map 
of  Davidson,  Williamson,  and  Maurv  counties. 

Troost's  collection  of  fossil  Kchinodcrmata  containing  all  his  types 
and  species  described  in   what  is  known   as  Troost^y  Hsfc-^o^l850, 


AMERICAN    GEOLOGY DECADE    OF   1840-1849.  367 

together  with  the  unfinished  manuscript  relating  thereto,  passed  after 
his  death  in  1850  into  the  custody  of  the  Smithsonian  Institution,  by 
which  it  was  handed  over  first  to  Agassiz,  and  several  years  later  to 
James  Hall,  to  be  put  into  shape  for  publication.  For  reasons  unknown 
to  the  public  this  work  was  delayed  year  after  year,  until,  after  the 
death  of  Hall,  in  his  turn  (in  1894),  it  once  more  came  into  the  pos- 
session of  the  Institution.  In  the  meantime  all  that  was  new  had  been 
elsewhere  described.  Thus,  through  sheer  neglect,  Troost  was  robbed 
of  much  of  the  credit  to  which  he  was  justly  entit}ed. 

In  184:2  Dr.  Edward  Hitchcock  read  an  important  paper  before  the 
Boston  meeting  of  the  American  Association  of  Geologists  on  the 
Phenomena  of  the  Drift  in  North  America,  which  is  particularly  inter- 
esting at  this  time  as  showing  the  gradual  evolution  of 

Hitchcock  on  Drift       ^,         ^  .  ^  .,  -    .,        ^t         i  .         i    i 

Phenomena  in  the  present  theory  trom  that  of  the  rsoachian-deluefe 

North  America,  1842.  ^  ^   j    u  r  -^  XJ'^  u         i^        • 

idea  advocated  by  earlier  writers.  Hitchcock  s  views 
had,  of  coui-se,  been  influenced  b}-  those  of  such  men  as  Charpentier, 
Agassiz,  Buckland,  and  Murchison,  and  he  expressed  at  the  outset  the 
conviction  that  nearly  all  geologists  would  ''agree  in  the  principle  that 
the  phenomena  of  drift  are  the  result  of  joint  and  alternate  action  of 
ice  and  water."  To  express  this  joint  and  alternate  action  he  made 
use  of  the  term  ''  glacio-aqueous." 

In  this  paper  Hitchcock  devoted  some  50  pages  to  a  description  and 
discussion  of,  first,  transported  bowlders;  second,  smooth,  polished, 
and  striated  rocks;  third,  embossed  rocks;  fourth,  valleys  or  erosion; 
fifth,  moraines;  sixth,  detritus  of  moraines;  seventh,  deposits  of  clay 
and  sand;  eighth,  contortions  of  the  stratified  deposits;  ninth,  terraced 
valleys;  tenth,  fractured  rocks;  and  eleventh,  organic  remains,  after 
which  he  proceeded  to  discuss  the  theories  of  the  various  European 
authorities  and  state  his  agreement  or  objections  to  the  same.  He 
objected  to  the  theory  of  Lyell  to  the  effect  that  the  results  observed 
by  him  in  North  America  were  produced  by  floating  icebergs  derived 
from  glaciers  formed  on  mountains  as  the  land  gradually  emerged 
from  the  ocean,  because,  first,  it  failed  to  account  for  the  lower  tem- 
perature which  was  ne(^essary ;  second,  because  there  was  no  evidence 
that  the  glaciers  descended  from  the  mountains;  and  third,  because 
the  deposits  of  vegetable  matter  derived  from  land  plants  showed  that 
the  continent  must  have  been  above  sea  level  long  before  the  drift 
period.  The  theory  of  De  la  Beche,  which  supposed  the  contents  of 
the  northern  ocean  to  have  been  precipitated  over  the  countries  farther 
south  !)y  the  elevation  of  the  polar  regions,  Hitchcock  regarded  as 
possibly  applicable  to  the  low  countries  of  Europe,  but  not  to  New 
England,  since  it  would  reijuire  a  rise  of  the  ocean  amounting  to  some 
0,000  feet,  and  he  could  find  no  facts  to  justify  such  an  assumption, 
although  recognizing  the  fact  that  the  a(]ueo-glacial  agency  had  operated 
well  over  the  summits  of  the  White  Mountains.  C^mnin]o 
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To  Aga8siz's  theoiy,  which  yuppo^ed  an  iiumensc  accumulation  of 
ice  and  snow  around  the  poley  during  the  Glacial  period  and  a  conse- 
quent sending  out  of  enormous  glaciers  in  a  southern  direction,  fol- 
lowed by  floods  of  water  and  transportation  of  icebergs  on  return 
of  a  warmer  period,  he  likewise  took  exception,  since  he  was  unable 
to  conceive  how  such  effects  could  be  brought  about;  nor,  indeed, 
could  he  understand  how  such  causes  could  operate  when  the  land 
was  rising  from  the  ocean  and  the  water  consequently  retreating,  as 
it  must  have  been,  to  account  for  the  various  observed  phenomena — 
such  phenomena  as  would  necessitate  the  occurrence  of  water  loaded 
with  ice  and  detritus  floating  for  centuries  at  least  over  a  large  part 
of  the  earth's  surface. 

He  likewise  objected  to  Maclaren's  ''ingenious  amalgamation"  of 
L\^ell  and  Agassiz's  theories,  but  failed  himself  to  suggest  one  per- 
fectly satisfactory. 

His  paper  showed  a  very  clear  insight  into  what  had  taken  place, 
but  an  inability,  with  the  infoimation  at  that  time  available,  to  account 
for  it  in  a  satisfactory  manner.  Thus,  in  describing  the  striae  found 
by  himself  on  the  top  of  hills  and  mountains  like  Monadnoc,  he  w^rote: 

Could  immense  icebergs  have  been  stranded  on  the  northern  slope  of  the  hills  and 
afterwards,  by  the  force  of  currents,  have  been  driven  over  the  summits;  or  would 
it  be  necessary  to  suppose  that,  after  the  stranding,  the  water  must  have  risen  so  as 
to  lift  up  the  iceberg;  or  would  a  vast  sheet  of  ice  lying  upon  the  earth's  surface,  by 
mere  expansion,  without  the  presence  of  water,  have  been  able  to  produce  the 
smoothing  and  furrowing  in  question? 

He  regarded  the  moraines  as  deposited  by  floating  icebergs  and  the 
linear  forms  observed  as  identical  wnth  the  osars  of  Sweden.  The  tine 
blue  stratified  clay,  often  overlaid  b\^  sand,  so  chaiucteristic  of  the 
upper  valleys  of  the  rivers  in  the  glaciated  areas,  he  regarded  as  silt 
deposited  in  temporary  lakes  formed  by  the  damming  of  valleys  by 
drift  materials.  After  considering  the  phenomena  as  observed  by 
himself  and  weighing  all  the  theories  advanced  from  time  to  time 
by  the  authorities  quoted,  he  summed  up  the  matter  in  the  following 
words: 

Is  it  not  possible  that  the  phenomena  of  the  drift  may  have  resultrcd  from  all  the 
causes  advanced  in  the  theories  under  consideration.  *  *  I  feel  *  *  *  that  the 
proximate  cause  of  the  phenomena  of  drift  has  at  last  }>een  determined,  namely, 
the  joint  action  of  water  and  ice. 

This  is  true  Hitchcock  conservatism. 

In  1842  an  expedition  under  Captain  Powell  was  sent  out  by  the 
Secretary  of  the  Navy  to  survey  Tampa  Bay,  Florida.  Through  the 
influence  of  the  National  Institute,  in  Washington, 
Ftorid2!*i842V"  "T-  ^^'  ^^oni'ii^  was  allowed  to  accompany  the  party  for 
the  pur|)ose  of  examining  into  the  geology  of  the 
region.  Conrad  remained  on  the  coast  some  three  months,  his  results 
being  published  in  the  American  Journal  of  Science  for  1846.-^-- 
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From  paleontological  evidence  Conrad  wan  led  to  consider  the  lime- 
stone of  the  Savannah  River  in  Georgia  between  Sav  annah  and  Shell 
Bluff  as  Upper  Eocene,  and  thought  that  very  probably  the  prevailing 
limestone  of  Florida  would  be  included  in  this  division.  He  also  found 
evidence  to  lead  him  to  believe  that  a  considerable  post-Pliocene 
elevation  of  the  whole  Florida  peninsula  had  taken  place,  and  that  the 
Florida  keys  were  a  product  of  this  movement. 

At  the  fourth  annual  meeting  of  the  Association  of  American  Geol- 
ogists and  Natui-alists  D.  D.  Owen  read  a  paper  on  the  geology  of 
the  Western  States,  including  under  this  designation  the  region  of  the 
Ohio  ValW.  Abstracts  of  this  paper  appeared  in  the 
o^to^uhe  ^"^  American  Journal  of  Science  for  1843.  At  the  Novem- 
w«rteraStatw,  b^r  (1842)  meeting  of  the  Geological  Society  of  Lon- 
don Mr.  Lyell  presented  for  Doctor  Owen  the  same 
paper,  which  was  afterwards  published  in  the  journal  of  that  society 
under  date  of  1846.  It  seems  proper,  therefore,  that  this  paper 
should  receive  consideration  here,  particularly  since  Owen  attempted 
a  correlation  of  the  American  rocks  with  those  from,  Europe.  As 
published,  the  paper  was  accompanied  by  a  colored  geological  map 


4  2  2  1 

Fig.  3'2.— Oeneral  section  across  the  Western  States.  (After  D.  D.  Owen.)  5,  diluvium;  4,  marl  and 
greensand,  probably  cretaceous;  3,  bituminous  coal  formation;  '2,  carboniferous  limestone  of 
Europe;  1,  probable  etjuivalents  of  the  Silurian  rocks. 

of  the  Ohio  Valley  and  the  generalized  section  shown  in  fig.  32.  The 
attempts  at  correlation,  it  should  be  noted,  were  founded  on  paleon- 
tological data.  The  limestones  immediately  underlying  the  coal  (3  of 
the  section)  he  considered  to  be  the  equivalent  of  the  European  Carbon- 
iferous. These  rested  upon  a  series  of  rocks,  the  upper  one  bundled 
feet  of  which  Hall  had  assigned  to  the  Devonian.  The  middle  and 
lower  beds  Owen  regarded  as  the  equivalent  of  the  Finglish  Upper 
Ludlow,  as  defined  by  Murchison.  Below  this  he  found  shales  which 
he  believed  to  be  equivalent  to  the  English  Lower  Ludlow  and  the 
New  York  Marcellus  shale.  The  shale-bearing  rock  he  regarded  as 
the  equivalent  of  the  Wenlock  formation  of  Murchison. 

The  fundamental  rocks  of  the  Ohio  Valley  he  considered  as  the 
equivalents  of  Murchison's  Lower  Silurian,  the  lower  75  to  KX)  feet 
corresponding  to  the  Llandeilo  flags  and  the  rest  to  the  Caradoc  sand- 
stones. The  corresponding  formations  of  New  York  appeared  to  be  the 
Trenton  limestone  and  shale,  representing  the  older  series,  and  the 
Salmon  River  and  Pulaski  sandstone,  the  rest. 

Perhaps  the  most  important  outcome  of  the  geological  surveys  of 
Pennsylvania  and  Virginia  and  certainly,  from  a  strictly  scientific 
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.standpoint,  the  most  important  and  far-reaching  conclusions,  were  those 
H.  D.  andw.B.  P^^  forward  by  W.  B.  and  H.  D.  Rogers  in  a  paper 
A^^hian  ^cad  before  the  Association  of  Geologists  and  Natural- 

structure.  1842.  5^^^  i^^  ^^^2,  entitled  On  the  physical  structure  of  the 
Appalachian  chain  as  exemplifying  the  laws  which  have  regulated  the 
elevation  of  great  mountain  chains  generally.  The}^  called  attention 
to  the  fact  that  the  chain  consists  of  a  broad  zone  of  very  numerous 
ridges  of  nearly  Cijual  height,  characterized  b}^  their  great  length, 
narrowness,  steepness  of  slope,  evenness  of  summit,  and  a  remarkable 
parallelism.  They  divided  the  chain  on  topographical  and  structural 
grounds  inta  nine  distinct  divisions,  consisting  of  alternating  straight 
and  curved  portions.  They  noted  the  remarkable  preponderance  of 
southeastern  dips  throughout  the  entire  length,  although  the  general 
trend  of  the  chain  was  northeast  and  southwest.  This  was  particu- 
larly characteristic  of  the  portion  along  the  southeastern  or  most  dis- 
turbed portion  of  the  belt,  but  toward  the  northwest  dips  in  the 
opposite  direction  became  less  steep  and  more  numerous. 

They  accounted  for  the  phenomena  of  these  dips  by  assuming  them 
to  be  due  to  a  series  of  unsymmetrical  flexures,  presenting  in  most 
instances  steeper  or  more  rapid  arching  on  the  northwest  than  south- 
east side  of  every  convex  bend;  and,  a^s  a  direct  consequence,  a  steeper 
incurvation  on  the  southeast  than  northwest  side  of  every  concave 
turn;  so  that,  when  viewed  together,  a  series  of  these  flexures  has  the 
form  of  an  obliquely  undulating  line,  in  which  the  apex  of  each  upper 
curve  lies  in  advance  of  the  center  of  the  arch.  On  the  southeast- 
ern side  of  the  chain,  where  the  curvature  is  most  sudden,  and  the 
flexures  are  most  closely  crowded,  they  present  a  succession  of 
alternately  convex  and  concave  folds,  in  each  of  which  the  lines  of 
greatest  dip  on  the  opposite  sides  of  the  axes  approach  to  parallelism 
and  have  a  nearly  uniform  inclination  of  from  45"^  to  60"^  toward 
the  southeast.  This  they  described  as  a  cUnihJing- under  or  Invendon 
of  the  northwestern  half  of  each  anticlinal  flexure.  Crossing  the 
mountain  chain  from  any  point  toward  the  northwest,  they  noted 
that  the  form  of  the  flexures  changes;  the  close  inclined  plication  of 
the  rocks  producing  their  uniformly  southeastern  dip  gradually  les- 
sens, the  folds  open  out,  and  the  northwestern  side  of  each  convex 
flexure,  instead  of  being  abruptly  doubled  under  and  inverted,  becomes 
either  vertical  or  dips  steeply  to  the  northwest.  Advancing  still 
farther  in  the  same  direction  into  the  region  occupied  by  the  higher 
formations  of  the  Appalachian  series,  the  arches  and  troughs  grow 
successively  roimder  and  gentler,  and  the  dips  on  the  opposite  side  of 
each  anticlinal  axis  gradually  diminish  and  approach  more  and  more 
to  ecpiality,  until,  in  the  gn^at  coal  fleld  west  of  the  Allegheny  Moun- 
tains, they  Anally  flatten  down  to  an  almost  absolutely  horizontality  of 
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the  strata  at  a  distance  of  about  150  miles  from  the  chain  of  the  Blue 
Ridge  or  South  Mountain. 

This  work,  so  far  as  it  relates  to  the  structure  of  the  chain,  has 
been  improved  upon  in  recent  times  only  by  the  disi;overy  of  enor- 
mous overthrust  faults  in  the  southwestern  portions.  Their  ideas 
regarding  the  origin  of  the  chain  have  not,  however,  so  successfully 
withstood  the  work  of  the  modern  physicists.  They  assumed  that 
this  difference  in  the  dips  was  due  to  a  combined  undulatory  and 
tangential  movement  of  the  earth's  crust,  whicli  was  propagated 
from  the  southeast  toward  the  northwest;  that  is,  they  regarded  the 
various  ranges  composing  the  chain  as  actually  stiffened  waves  or 
billows  of  crustal  matter  comparable  to  the  waves  of  less  viscous  mat- 
ter, like  water  or  lava.  Their  views  may  be  best  undei'stood  by  direct 
quotation: 

We  assume  that  in  every  region  where  a  system  of  flexures  prevails  the  crust  orig- 
inally rested  on  a  widely  extende<l  surface  of  fluid  lava.  I^t  it  be  supposed  that 
subterranean  causes  competent  to  produce  the  result,  such,  for  example,  as  the  accu- 
mulation of  a  vast  l)ody  of  elastic  vai>or8  and  gases,  subjected  the  disturbed  portion 
of  the  belt  to  an  excea«iive  upward  tension,  causing  it  to  give  way  at  successive  times 
in  a  series  of  long  parallel  rente.  By  the  sudden  and  explosive  e8cai)e  of  the  gaseous 
matter,  the  prodigious  pressure,  previously  exerted  on  the  surface  of  the  fluid  within, 
being  instantly  withdrawn,  this  would  rise  along  the  whole  line  of  fissure  in  the 
manner  of  an  enormous  billow  and  suddenly  lift  with  it  the  overlying  flexible  crust. 
Gravity,  now  operating  on  the  disturbed  lava  mass,  would  engender  a  violent  undu- 
lation of  its  whole  contiguous  surface,  so  that  wave  would  succeed  wave  in  regular 
and  parallel  order,  flattening  and  expanding  as  they  advanced,  and  imparting  a  cor- 
responding billowy  motion  to  the  overlying  strata.  Simultaneously  with  each  epoch 
of  oscillation,  while  the  whole  crust  was  thus  thrown  into  i)arallel  flexures,  we  suppose 
the  undulating  tract  to  have  been  shoved  bodily  forward  and  secured  in  its  new 
position  by  the  permanent  intrusion  into  the  rent  and  dislocated  region  behind  of 
the  liquid  matter  injected  by  the  same  forces  that  gave  origin  to  the  waves.  This 
forwanl  thrust,  operating  upon  the  flexures  formed  by  the  waves,  would  steepen 
the  advanced  side  of  ea<!h  wave  precisely  as  the  wind,  acting  on  the  billows  of  the 
ocean,  forces  forward  their  crests  and  imparts  a  steeper  slof)e  to  their  leeward  sides. 
A  repetition  of  these  forces  by  augmenting  the  inclination  on  the  front  of  every 
wave  would  result  finally  in  the  folde<l  structure,  with  inversion  in  all  the  parts  of 
the  belt  adjacent  to  the  region  of  principal  disturbance.  Here  an  increased  amount 
of  plication  would  be  caused,  not  only  by  the  superior  violence  of  the  forward  hori- 
zontal force,  but  by  the  production  in  this  district  of  many  lesser  groups  of  waves 
interposed  between  the  larger  t)ne8  and  not  endowed  with  sufficient  momentum  to 
reach  the  remoter  sides  of  the  belt.  To  this  interpolation  we  attribute,  in  part,  the 
crowded  condition  of  the  axes  on  the  si<le  of  the  undulate<l  district  which  borders 
the  region  where  the  rents  and  dikes  o(!cur,  and  to  it  we  trace  the  far  greater  variety 
which  there  occurs  in  the  size  of  the  flexures. 

The  date  of  the  Appalachian  uplift  they  put  subsequent  to  the  for- 
mation of  the  Coal  Measures,  as  being  the  final  paroxysmal  mov^ement 
which  terminated  **in  that  stupendous  train  of  actions  which  lifted  the 
whole  Appalachian  chain  from  the  bed  of  the  ancient  sea." 
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At  this  same  meeting  of  the  Association  H.  D.  Rogers  gave  an 

important  paper  on  the  origin  of  the  coal  beds.     He  here  took  the 

ground  that  the  singular  constancy  in  thickness  of  the  Pittsburg 

coal  bed    and  its    prodigious  range    were    strongly 

H.D.Rogers  on  the         ,  ^  xl  iP  i  ^-         v       j    -i..        ?t. 

Formation  of  Coal,  adverse  to  any  theory  of  accumulation  by  drift.  His 
idea  was  that  the  area  now  covered  by  the  coal  was 
once  an  extensiv^e  flat,  bordering  a  continent,  beyond  which  lay  a 
wide  expanse  of  shallow  but  open  sea;  that  these  low  flats  were 
occupied  by  peat  bogs  derived  from  and  supporting  a  luxuriant  growth 
of  Stigmaria,  while  along  the  land  margin  and  the  drier  areas  were 
conifers,  Lycopods,  and  tree  ferns.  The  Stigmaria  would  thus  form 
a  uniform  mass  of  pulpy  peat  admixed  with  leaves  and  other  easily 
transported  debris  of  the  trees  along  the  shores,  but  free  from  trunks 
and  coarse  branches. 

To  account  for  the  shaly  and  sandy  partings  of  the  coal  beds  and  their 
numerous  impressions  of  plants,  he  imagined  a  sudden  sinking  of  the 
land,  producing  thus  a  tidal  wave  from  the  open  sea,  carrying  destruc- 
tion to  the  forest  growths,  and  on  its  return  dragging  back  and  spread- 
ing out  over  the  sea  bottom,  and  hence  over  the  accumulated  peat  beds, 
sand,  gravel,  and  silt,  together  with  floating  trunks  of  trees,  all  of 
which  go  to  make  up  the  roof  slate  and  other  partings  in  the  beds.  A 
period  of  tranquillity  followed;  another  bed  of  peat  accumulated,  and 
so  on.  His  theory  differed  from  those  of  Buckland,  Beaumont,  Lyell, 
and  others  in  excluding  from  the  coal-making  materials  the  trunks  and 
branches  of  the  more  woody  trees  and  the  catastrophic  interruptions 
in  the  growing  processes  due  to  earth  sinkings  and  earthquakes. 

He  further  accounted  for  the  difference  in  volatile  constituents 
between  the  coal  of  the  eastern  and  western  beds  on  the  supposition 
that  the  former  were  debituminized  by  the  action  of  steam  and  gaseous 
matter  emitted  through  the  crust  of  the  earth  and  cracks  and  crevices 
formed  during  the  undulation  and  permanent  bending  of  the  strata, 
resulting  in  the  formation  of  mountain  ranges. 

Prof.  W.  B.  Rogers,  at  this  same  meeting  of  the  association,  had  an 

important  paper  on  the  connection  of  the  thermal  springs,  in  Virginia, 

with  the  anticlinal  axes  and  faults.     He  recognized  the  work  of  the 

European  geologists  in  connecting  similar  phenomena 

ThertnaisprinflTs,      with  arcas  of  terrestrial  disturbance,  and  then  pro- 

1842. 

ceeded  to  show  that,  with  but  few  exceptions,  the 
thermal  springs  of  the  Appalachian  region  issue  from  the  steep  dip- 
ping or  inverted  strata  on  the  northwest  side  of  the  anticlines.  From 
this  he  deduced  the  general  law  that  the  decidedly  thermal  springs  of 
Virginia  issue  from  the  lines  of  anticlinal  axes  or  from  points  very 
near  such  lines.  These  views  he  regarded  as  in  harmony  with  those 
of  Arago  and  Bischoff.  From  those  of  Daubeny  they  differed,  seem- 
ingly, in  that  the  latter  regarded  such  springs  as  indicative  of  volcanic 
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eruptions  going  on  in  a  covert  and  languid  manner  under  certain  part« 
of  the  range.  But  Daulmny,  it  must  be  remembered,  carried  his  views 
to  an  extreme,  regarding  the  uplift  of  the  chain  itself  as  due  to  these 
same  volcanic  forces.  • 

In  184r2  there  appeared  in  the  Proceedings  of  the  Boston  Society  of 
Natural  History  a  paper  by  J.  P.  Couthouy,  one  of  the  naturalists  of  the 
Wilkes  Exploring  Expedition,  in  which  an  attempt  was  made  to  show 
that  the  distribution  of  coral  growth  in  the  ocean  was 
CoridOnywthfi?42.  limited  by  temperature.  This  paper  brought  forth 
very  promptly  a  reply  from  Dana,  who,  while  agree- 
ing as  to  the  facts  and  theories,  claimed  that  he  (Couthouy)  had  simply 
borrowed  the  idea  from  him;  that  the  explanation  "  was  originally 
derived  from  my  manuscript,  which  was  laid  open  most  confidentiall}" 
for  his  perusal  while  at  the  Sandwich  Islands  in  1840."  The  assertion 
was,  of  course,  denied  by  Couthouy  with  equal  promptness,  but  it  must 
be  confessed  that  the  evidence,  so  far  as  it  is  available,  favors  Dana's 
claim. 

Dana,  it  should  be  remarked,  was  led,  from  his  observations  while 
on  this  expedition,  to  agree  with  Darwin  as  to  the  formation  of  atolls 
(annular  coral  reefs),  but  could  not  agree  with  him  regarding  regions 
of  subsidence  and  elevation.  He  found  nothing  which  to  him  sup- 
ported the  idea  that  islands  with  barrier  reefs  were  subsiding,  w^hile 
those  with  fringing  reefs  were  rising. 

In  the  summer  of  1842  Dr.  W.  Byrd  Powell,  of  Little  Rock,  passed, 
of  his  own  volition,  some  six  weeks  in  a  study  of  the  geology  of  the 
Fourche  Cove  region,  his  results  being  published  in  a  pamphlet  of  28 
ByrdPoweU'f  work  P^S^^  ^"^  map,  by  the  Antiquarian  and  Natural  History 
l^^of  A7£?n^r  Society  of  Arkansas.  The  Doctor  at  the  time  of  his 
•^^-  writing  occupied  the  position  of  lecturer  on  phrenology 

and  geology.  Whatever  may  have  been  his  qualification  in  the  first- 
named  subject,  as  a  geologist  he  was  no  whit  flbove  the  majority  of 
workers  of  his  day.  The  rocks  of  the  cove  and  their  association  were 
described  in  considerable  detail,  the  prevailing  syenite  ])eing  called  gran- 
ite, although  he  noted  that  it  contained  no  quartz.  He  differed  with 
Featherstonhaugh,  however,  in  assuming,  and  wrongly,  that  the  rock 
was  primitive  and  not  intrusive.  To  a  supposed  transitional  form  of 
greenstone  into  basalt  he  gave  the  name  Cornean,  The  other  rocks 
noted  were  basaltic  clinkstone,  amygdaloid,  gneiss,  etc.  Some  of  his 
observations  are  open  to  question.  Less  than  a  gill  of  mica  from  the 
gneiss,  he  announced,  yielded  him  half  an  ounce  of  metal,  which  he 
considered  as  mostly  iron.  He  further  remarked  that  the  hornblende 
rocks  of  the  region  contained  a  large  percentage  of  iron,  which  was 
chiefly,  if  not  wholly,  native;  also  that  they  contained  native  lead  and 
a  little  silver. 

The  organization  of  the  geological  survey  of  the  State  of  New  York 
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in  183H  has  already  been  noted.  Annual  reports  were  issued  regu- 
larly during  the  period  of  its  existence,  hut  with  one  or  two  excep- 
tions the  results  can  be  best  summed  up  in  a  review  of 
survevofNewYork,  the  final  reports  as  they  appeared  in  1842-43.  Of 
these  final  reports,  which  were  issued  in  quarto  form, 
Mather's,  comprising  639  pages,  with  46  plates,  in  part  colored,  and 
including  a  geological  map,  was  one  of  the  most  voluminous. 

The  first  geological  district,  to  which  Mather  was  assigned,  embraced 

twenty-one  counties,  extending  from  the  northeast  of  Washington 

County  between  lakes  Champlain  and  George  southwesterly  to  the 

Susquehanna  River  so  as  to  include  the  counties  of 

NS^Yoric^^**  *"     Washington,  Saratoga,  Schenectady,  Schoharie,  and 

Delaware,  and  all  of  the  State  east  and  south  of  this  line. 

Mather  thought  to  have  recognized  seven  periods  of  elevation  and 
disturbance  of  the  stmta,  exemplified  in  the  district  assigned  to  him. 
These  he  described  as  follows: 

First.  One  preceding  the  laying  down  of  the  earliest  fossiliferous 
rocks,  which  gave  rise  to  the  primary  Highlands  of  the  Hudson  and 
the  primary  mountains  of  Saratoga  and  W^ashington  counties.  On  this 
he  found  the  Potsdam  and  Calciferous  sandstones  and  black  limestone 
resting  unconformably. 

Second.     One  which  preceded  the  deposition   of  the  Helderberg. 
limestone,  which  he  found  lying  unconformably  on  the  upturned  ear 
lier  rocks.     This  manifested  itself  mainly  in  the  Hudson  Valley  and 
included  the  Highlands  and  W^estchester  County. 

Third.  One  subsequent  to  the  deposition  of  the  rocks  of  the  Onta- 
rio division,  the  effects  of  which  he  thought  to  recognize  from  Green 
Pond  Mountain  through  Bellevale  Mountain,  Goose  Pond,  Sugar  Lojif, 
and  Skunnenmnk  Mountains,  and  along  the  Shawangunk  Mountains. 

Fourth.  One  subsequent  to  the  deposition  of  the  Catskill  division 
and  even  the  coal  formation.  This  disturbed  all  the  pre-existing  rocks 
in  New  York  east  of  the  Delaware.  To  it  he  ascribed  the  bending 
and  wrinkling  of  the  coal  formations  in  Pennsylvania,  Maryland,  and 
Virginia.  The  era  of  disturbance  was  regarded  as  between  that  of 
the  coal  and  the  Mew  Red  sandstone. 

Fifth.  A  period  of  disturbance  at  the  end  of  the  deposition  of  the 
Long  Island  division  and  before  the  deposition  of  the  Quaternary. 

Sixth.  A  period  between  the  drift  and  Quaternary  by  which  the 
land,  without  deformation,  was  lifted  to  about  the  level  of  the  Qua- 
ternary formations. 

Seventh.  A  period  after  the  deposition  of  the  Quaternarj^  by  which 
a  large  part  of  the  land  was  lifted  KK)  feet  al)ove  the  level  of  the 
oceanic  waters. 

He  thought,  also,  to  recognize  four  periods  of  metamorphic  agency, 
though,  singularly  enough,  his  metjimorphism  was  that  of  contact  by 
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igneous  masses  only,  and  hence  his  periods  thooe  of  igneous  intrusion. 
To  the  then  ordinarily  accepted  causes  of  folding,  elevation,  and 
depression,  as  steam  and  elastic  vapors  in  a  high  state  of  tension,  the 
contraction  of  the  earth  by  secular  refrigeration,  or  the  undulatory 
action  of  the  fluid  interior,  combined  with  tangential  force — Mather 
added  a  fourth.  He  conceived  that,  as  the  earth  is  a  cooling  and 
shrinking  body  and  revolving  with  increased  mpidity  owing  tt^  its 
diminished  diameter,  the  ocean,  being  fluid,  would  not  immediately 
partake  of  this  increased  velocity,  and,  therefore,  as  the  earth  revolved 
from  west  to  east,  a  current  Of  greater  or  less  strength  would  set  to 
the  westward  over  the  whole  ocean,  but  strongest  at  the  equator.  The 
inertia  of  the  solid  mass  of  the  interior  of  the  globe  would  also  cause 
it  to  press  to  the  westward  with  a  power  dependent  upon  the  mpidity 
of  rotation.  Given,  then,  lines  of  weakness  where  yielding  would 
take  place,  motion  and  distortion  or  elevation  might  follow.  If  the 
interior  were  fluid  and  the  solid  exterior  floating  upon  it,  a  change  in 
the  velocity  would  produce  still  stronger  effects  and  changes  of  lati- 
tude of  masses  of  the  earth's  surface  affected  in  this  way  would  result. 
Evidences  of  this  were  seen  in  th^  wrinkled  and  folded  strata. 

Some  75  pages  of  Mather's  report  were  given  up  to  a  description 
and  discussion  of  the  phenomena  of  the  drift.  He  concluded  that  the 
transport  of  the  drift  and  the  production  of  scratcrhed  surfaces  were 
contemporaneous,  the  drift  itself  being  transported  in  part  by  cur- 
rents and  in  part  by  ice,  itself  drifted  by  the  currents.  The  period  of 
the  drift  and  that  of  the  Quaternary  deposits  were  separated  by  a 
partial  submergence  of  the  land;  and  further,  the  periods  of  the  drift 
were  periods  when  the  currents  were  stronger  than  at  the  present 
time.  He  conceived  this  to  be  due  to  a  collapse  of  the  crust  of  the 
globe  upon  its  nucleus  b}^  refrigeration,  causing  an  acceleration  of  the 
velocat}^  of  rotation,  ''and  this  a  consequent  distur})ance  of  the  form  of 
equilibrium  of  the  spheroid  of  rotation,  which  would  be  (compensated 
by  the  flow  from  the  polar  regions  and  an  accelerated  flow  of  the 
equatorial  regions."  This  sudden  acceleration  of  the  ocean  currents 
he  felt  would  be  sufficient  to  cause  the  transportation  of  vast  quanti- 
ties of  detritus-laden  ice  from  the  polar  regions  southward. 

The  large  amount  of  drift  scattered  over  the  central  and  northern 
Mississippi  region  he  ascribed  incidentiilly  to  ice-laden  currents  from 
Hudson  Bay  and  the  polar  se^s  which,  flowing  over  the  northern  part 
of  the  United  States,  would  be  met  by  the  warm  waters  of  the  Gulf 
Stream,  causing  them  to  deposit  their  loads.  The  warm  current  flow- 
ing northward  would  be  superimposed  on  the  cold  current,  the  latter 
continuing  southward  beneath  it,  transporting  the  finer  niat(»rials  such 
as  now  occupy  the  lower  Mississippi  Valley.  It  may  be  added  that 
Mather's  disposition  to  overload  and  overwork  the  Gulf  Stream  is 
somewhat  amusing.     Not  merely  did  he  ascribe  the  glaciaKdrift  and 
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the  New  Red  sandstone  deposits  to  this  agency,  but  he  would  have  the 
entire  sedinient^iry  series  of  the  New  York  system  dependent  on 
the  same  causes.  Thus,  writing  of  these  rocks:  ^'And  we  can  perceive 
no  region  from  which  such  a  vast  amount  of  mineral  matter  can  have 
been  abmded  and  washed  away  ♦  ♦  ♦  unless  it  has  been  brought 
by  the  equatorial  and  polar  currents  in  their  ceaseless  flow  through 
all  time  since  the  ocean  has  occupied  the  surface  of  the  earth."  Again: 
'^And  these  depositions  seem  to  have  been  formed  in  a  kind  of  eddy 
produced  by  the  meeting  of  the  flow  of  warm  waters  of  the  Gulf 
Stream  through  the  Mohawk  Valley  with  the  polar  current  through 
the  Cham  plain  and  Hudson  valleys."''  To  the  presence  of  this  cold 
polar  current  on  the  east  he  attributed  also  the  comparative  paucity 
of  fossil  remains  in  these  rocks  when  compared  with  those  same  hori- 
zons to  the  west,  and  to  the  same  joint  action  of  polar  and  equatorial 
currents,  the  formation  of  the  coal  beds.  The  equatorial  current,  he 
argued,  performed  a  circuit  around  from  New  Mexico  along  the 
Rocky  Mountains,  a  part  flowing  into  the  polar  sea  and  Hudson  Ba}' 
and  the  remainder  through  the  northern  pait  of  the  United  States 
and  southern  part  of  Canada,  where  it  again  divided,  one  part  flowing 
over  and  through  the  St.  Lawrence  Valley  and  the  remainder  over  the 
Mohawk  Valley  and  along  the  Blue  Ridge  around  once  more  to  the 
Mississippi,  where  it  would  rejoin  the  same  stream,  a  polar  current 
meantime  flowing  through  the  St.  Lawrence  and  Hudson  valleys  to 
the  valleys  of  the  Red  River  of  the  North  and  the  Mississippi.  The 
meeting  of  these  currents  at  particular  points  would  produce  eddies 
and  consequent  stagnation  of  the  current.  The  transported  organic 
matter,  becoming  water-logged,  would  sink  to  the  bottom.  This  mode 
of  formation,  he  thought,  would  account  for  the  presence  of  tropical 
vegetation  in  the  polar  regions. 

The  white,  red,  mottled  brown,  and  blue  clays  and  variegated  sands 
of  Long  and  Staten  islands  he  regarded  as  the  geological  equivalents 
of  certain  beds  of  New  Jersey  underlying  the  drift  and  Quaternarj^ 
and  of  Cretaceous  age.  The  materials  he  thought  to  have  been  derived 
from  the  breaking  down  of  the  gneissic,  granitic,  and  other  crystalline 
siliceous  rocks  which  extend  parallel  to  the  Atlantic  chain  from  Georgia 
to  Maryland  and  reappear  again  in  Connecticut  and  Rhode  Island, 
extending  probably  into  Massachusetts.  This  material,  to  him,  bore 
evidence  of  transport  from  the  southwest,  and  he  believed  the  Gulf 
Stream,  as  before,  to  have  been  the  transporting  agent,  its  velocity 
being  checked  by  the  southward-traveling  polar  current.  These  cold 
currents  sinking  to  the  bottom  would  not  be  conducive  to  growth  of 
animal  life,  and  hence  the  beds  are  compai'atively  nonfossiliferous. 

Mather  l)elieved  that  during  the  Quaternary  division  of  time  a 
vast  inland  sea  occupied  the  basin  of  the  St.  Lawrence  and  Hudson 
valleys,  and  that  during  this  time  the  clays  and  marls  were4aid  down, 
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tho  water  having  only  a  very  moderate  flow;  that  subsequently  the 
country  was  raised  en  masse  to  a  height  of  from  300  to  1,000  feet. 
This  elevation  he  conceived  to  have  been  sudden,  causing  strong  cur- 
rents to  flow  through  the  channels  communicating  with  the  ocean, 
depasiting"  sand,  gravel,  and  bowlders  in  their  eddies.  (See  further 
on  p.  394.) 

lie  also  believed  that  the  limestones,  that  are  frequently  crystal- 
line white  and  variegated  marbles  in  the  western  part  of  Vermont, 
Massachusetts,  and  Connecticut,  were  metamorphosed  forms  of  the 
Mohawk  limestone  and  Calcif  erous  sandstone;  that  they  were,  in  short, 
rocks  of  the  Champlain  division,  but  much  more  highly  altered  and 
modified  by  metamorphic  agency  than  Taconic  rocks.  It  should  be 
said  that,  while  using  the  term  "Taconic  "  and  describing  the  rocks  and 
their  distribution,  Mather  stated  distinctly  that  he  regarded  the  Cham- 
plain  division  and  the  Taconic  systems  as  the  ''same  rocks,  the  latter 
somewhat  modified  in  character  by  metamorphic  agencies." 

In  describing  the  Taconic  rocks  separately  I  have  yielde<l  to  the  opinion  of  my 
colleagues  who  have  considered  them  as  interposed  between  the  Champlain  division 
and  the  primary.  I  can  discover  no  evidence  of  any  such  interposition,  but  consider 
them  as  rocks  modified  by  metamorphic  agency  and  intermediate  in  their  character- 
istics between  the  unchanged  rocks  of  the  Champlain  division  and  those  still  more 
altered  and  (Tystalline  along  the  eastern  line  of  New  York  and  in  the  western  part 
of  Vermont,  Massachusetts,  and  Connecticut.  (See  also  under  The  Taconic  Ques- 
tion, p.  659. ) 

The  trap  rocks  of  the  Hudson  Palisades  he  looked  upon  as  ancient 
lavas  that  had  flowed  through  the  rock  fissures  in  dikes  while  this 
part  of  the  continent  was  still  l>eneath  the  waters  of  the  ocean.  These 
rocks  and  the  associated  red  sandstones  he  rightly  believed  to  be  of 
the  same  age  as  those  of  Connecticut,  Virginia,  and  Nova  Scotia, 
though  he  wrongly  put  down  the  Lake  Superior  red  sandstone  as  also 
a  contemporaneous  deposit. 

Emmons,  who  had  charge  of  the  second  district,  presented  his 
results  in  a  quarto  volume  of  437  pages,  with  17  plates  and  colored 
sections.  It  was  during  this  survey  that  he  proposed  the  name  New 
York  Transition  system  for  the  stratigraphic  series  of 
nSTvoJic*^**^  *"  rocks  extending  from  the  primary  up  to  and  including 
the  Old  Red  sandstone.  Subsequently  this  name  was 
shortened  by  the  omission  of  the  word  transition^  and  in  this  form 
was  adopted  by  the  other  members  of  the  survey.  He  classified  the 
rocks  of  this  system  in  ascending  order  as,  first,  Champlain  division; 
second,  Ontario  division;  third,  Helderberg  division;  and,  fourth,  Erie 
division.  The  first,  or  Champlain,  division  included  the  Potsdam 
sandstone,  the  Calciferous  sand  rock,  the  Chazy  and  Birdseye  lime- 
stone, the  Isle  la  Motte  marble,  Trenton  limestone,  and  Loraine  shales. 
The  second,  or  Ontario  division,  included  the  Medina  sandstone,  green 
shales,  and  oolitic  iron  ore,  now  know  n  as  the  Clintog,  ,pjc^  thoJOwPc 
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daj^a  salt  and  plasttn*  rofks,  and  the  Manlius  water  lime.  The  third 
included  the  Pentanieru.s  lime,  tlie  Oriskany  sand,  Schoharie  grits,  and 
Helderberg  limestone.  The  fourth  included  the  Marcellus  and  Ham- 
ilton shales,  the  Tulley  lime,  (lenesee  slate,  and  the  Ithaca  and  Che- 
nmng  slates  and  grits. 

He  regarded  the  transition  rocks  of  Essex  and  St.  Lawrence  counties 
as  equivalent  to  the  gray  wacke  series  of  European  authorities.  The 
so-called  primitive  limestone  —the  peculiar,  coarsely  crystalline,  ser- 
pen tinous  limestone  occurring  in  Essex  Count}^ — he  conceived  might 
be  an  eruptive  rock  in  which  the  carbonic  acid  had  been  retained  by 
the  pressure  of  superincumbent  masses,  the  experiment  of  Sir  James 
Hall,  as  he  believed,  bearing  him  out  in  this.  The  occurrence  of 
plumbago  he  also  regarded  as  favoring  the  igneous  origin  of  the  lime- 
stone, since  plumbago  is  itself  so  often  produced  in  furnaces. 

He  believed  the  agent  of  drift  transportation  to  be  water  and  ice. 
The  bowlders  he  thought  to  be  the  work  of  icebergs,  but  he  did  not 
regard  the  striations  and  polishing  as  due  to  them,  since  the  bottom 
of  the  ocean  is  not  bare  rock  but  covered  by  d(3bris;  and,  moreover, 
icebergs  would  not  move  in  straight  lines  (a  point  which  some  more 
recent  writers  have  quite  overlooked.)  The  bergs  might  act  as  agents 
of  transportation,  he  argued,  but  not  of  erosion.  According  to  his 
ideals,  the  drift-covered  region  was,  during  the  drift  period,  depressed, 

the  country  low  and  connects  at  the  north  with  a  wide  and  extensive  region,  jfiving 
rise  to  large  rivers,  which  flowed  in  succession  over  different  parts  of  the  region 
lying  between  Chaniplain  and  the  St.  Lawrence.  These  rivers  were  wide,  shallow, 
and  swift  in  some  parts  of  their  courses,  and  frequently  found  new  channels.  They 
communicated  with  the  Atlantic  on  the  south  through  the  Champlain,  Hudson,  and 
Mohawk  valleys.  They  bore  along  ice  loaded  with  sand,  pebbles,  etc.,  which 
scratche<l  and  grooved  the  surface  of  rocks  over  which  they  flowed,  and  were  the 
agente,  also,  of  j)erforating  the  rocks  in  the  form  of  potholes. 

Emmons  was,  at  this  time,  a  catastrophist,  going  so  far  as  to  assert 
that  the  deep  canyons  in  the  Potsdam  sandstone,  like  the  Au  Sable 
chasm,  were  '^opened  by  some  convulsion  of  nature." 

It  was  while  connected  with  the  New  York  State  survey  that 
Emmons  conceived  the  idea  that  a  series  of  obscure  rocks,  forming  a  belt 
some  fifteen  miles  wide  along  the  western  border  of  Berkshire  County, 
and  lying  along  both  sides  of  theTaconic  Mountains,  were  distinct  from 
any  of  the  so-called  primary  rocks,  and  hiy  l)elow  those  of  the  New  York 
system.  He  therefore  proposed,  on  stratigraphic  grounds,  to  raise 
these  rocks  to  the  dignity  of  a  system  by  themselves,  which  should  be 
called  the  Taconic  system.  Inasmuch  as  the  controversy  which  arose 
over  this  new  system  raged  vigorously  for  nearly  half  a  century,  the 
subject  is  considered  worthy  of  a  special  chapter.     (See  p.  659.) 

Vanuxem's  report  on  the  third  district,  a  volume  of  806  pages,  con- 
sisted of  little  more  than  an  uninteresting  account  of  the  geographic 
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dintribution  of  the  various  rocks  and  theii-  fossil  contents.  In  fact,  it 
fell  short  of  what  one  would  be  led  to  expect  from  a 
nSJ'y^**'*^'''''"'  perusal  of  his  earlier  papers.  His  district,  it  should 
be  noted,  comprised  the  counties  of  Montgomery, 
Fulton,  Otsego,  Herkimer,  Oneida,  Lewis,  Oswego,  Madison,  Onon- 
daga, Cayuga,  Cortland,  Chenango,  Broome,  Tioga,  and  the  eastern 
half  of  Tompkins. 

As  a  mattei*  of  petrographical  interest,  it  may  be  well  to  note  that 
the  serpentine  described  by  Vanuxera  [first  in  his  third  annual  report 
(1839)  and  last  in  his  final  volume  (1842)]  as  occurring  near  Syracuse, 
and  concerning  the  origin  of  which  he  was  then  somewhat  in  doubt, 
was  in  1844  described  as  an  igneous  rock,  and  as  the  only  mass  of  the 
kind  in  the  vicinity  of  the  Salt  Spring.  This  fact  seems  to  have  been 
quite  overlooked  by  Williams  in  1887,  when,  working  with  all  the 
appliances  of  modern  petrogi'aph}^  he  showed  the  rock  to  be  an  altered 
peridot!  te. 

To  James  Hall  was  assigned  the  fourth  district  in  the  New  York 
State  Survey  at  the  close  of  the  first  season,  as  already  noted  (p.  344). 
This  comprised  fifteen  counties,  including  all  that  part  of  the  State  lying 
west  of  the  parallel  of  Cayuga  Lake  anil  between  Lake 
Ywk!  ^**'* '" '^*^  Ontario  on  the  north  and  Pennsylvania  on  the  south- 
east. The  area  includes  the  least  disturbed  portions 
of  the  State,  those  portions  where  the  rocks  lie  in  a  beautiful  consec- 
utive series,  extending  from  the  Medina  up  to  and  including  the 
Chemung  and  affording  means  unrivaled  for  the  unraveling  of  the 
stratigraphy  of  the  continent.  It  is  doubtful  if,  at  the  time  this  dis- 
trict was  assigned  to  Hall,  he  himself  realized  its  possibilities— ^cer- 
tainly his  collaborators  did  not.  Indeed,  at  the  time  of  Vanuxem\s 
transfer  and  HalKs  promotion  the  region  was  regarded  as  one  of  little 
promise  and  was  willingly  relinquished  to  the  youngest  and  least 
experienced  of  the  fofce. 

Hall's  report,  appearing  in  1843,  comprised  683  octavo  pages,  with 
19  plates,  including  a  colored  geological  map  of  the  State  and  the 
United  States  as  far  west  as  the  Mississippi  River. 

Hall  adopted  the  term  New  York  system,  as  suggested  by  Emmons, 
to  include  all  the  oldest  fossiliferous  rocks  of  the  State,  excluding  the 
Chemung  and  Catskill.  As  defined  by  him  it  would  be  the  equivalent 
of  what  was  embraced  in  the  transition  of  Werner.  It  likewise 
included  Sedgwick's  Cambrian,  Murchison's  Silurian,  and  the  Devonian 
of  Phillips,  omitting  the  Old  Red  sandstone. 

Concerning  this  he  wrote: 

Nowhere  Ih  there  known  to  exist  8o  complete  a  series  of  the  older  fossiliferous 
roi^ks  as  thost*  embraced  within  the  limits  of  the  State,  and  for  the  reason  that  in 
New  York,  where  the  meann  <»f  investigation  arc  best  affordetl  and  where  the  whole 
series  is  undisturlKnl,  then*  is  manifcst^'d  the  most  complete  and  continuous  succes- 


380  REPORT    OF    NATIONAL   MUSEUM,  1904. 

sion,  showing  but  one  geological  era  for  tho  deponition  of  the  whole.  In  that  era 
the  earth  first  witnessed  the  dawn  of  animal  life  and  ages  of  \b*  greatest  fecundity  in 
marine  organisms  and  the  approach  of  the  pt^ricwl  when  it  became  titte<l  to  support  a 
vegetation  so  luxuriant  and  universal,  of  which  no  modern  era  has  afforded  a  parallel. 

Hall,  it  should  be  noted,  in  this  report,  gave  precedence  to  paleon- 
tological  characters  over  all  others  in  distinguishing  the  sedimentarj' 
strata,  but  recognized  the  fact  that  lithological  characters  must  not  be 
wholly  disregarded,  a  fact  to  which  he  had  previously  called  attention 
(p.  383) 

Changes  in  the  lithological  features  of  a  rock  *  *  *  which  may  render  obser- 
vations unsatisfactory  or  doubtful  are  usually  accompanietl  by  greater  or  less  change 
in  the  nature  of  the  fossils.  In  no  case,  therefore,  are  to  l)e  overlooke<l  either  of  the 
three  important  facts  and  characters,  viz:  Lithological  character,  order  of  superposi- 
tion, and  nature  of  the  containe<l  fossils. 

At  the  time  of  making  his  report  Hall's  views  regarding  the  drift 
were  still  somewhat  hazy.  That  he  did  not  accept  Agassiz's  doctrine 
of  a  vast  ice  sheet  is  very  evident.     Thus  he  wrote: 

That  blocks  of  granite  either  enclosed  in  ice  or  move<l  by  other  means  have  been 
the  principal  agents  affecting  the  diluvial  phenomena;  that  they  have  scored  and 
grooved  the  rocks  in  their  passage  and,  breaking  up  the  strata  and  mingling  them- 
selves with  the  mass,  have  been  driven  onward,  carrying  everything  before  them  in 
one  general  m^lc^^e.  That  such  may  have  l)een  the  case  in  some  instances  or  in  lim- 
ited localities  can  not  be  denied,  but  that  it  ever  has  l)een  over  any  great  extent  of 
country  will  scarcely  admit  of  proof. 

The  erratics  he  felt  had  been  dropped  from  time  to  time  by  ice  floes 
and  at  a  period  apparently  distant  from  that  of  the  general  drift. 

Hall  was  at  this  tinie  evidently  a  catastrophistand  regarded  the  drift 
soils,  terraces,  and  the  deep  valleys  and  waier  courses  as  due  to  the 
violent  action  of  water,  which  may  have  been  caused  in  part  by  a  sud- 
den submergence  and  the  rapid  passage  of  a  wave  over  its  surface. 
His  views  were,  indeed,  in  many  respects,  little,  if  any,  in  advance  of 
those  held  by  Mitchill  twenty-five  yeai-s  earlier.  Like  Mitchill,  he 
conceived  of  an  inland  sea  bounded  by  and  held  back,  in  this  case,  by 
the  Canadian  Highlands  on  the  north,  the  New  England  range  on  the 
east,  the  Highlands  of  New  York  and  the  Alleghenies  on  the  south, 
and  the  Rocky  Mountains  on  the  west.  These  presented  a  barrier  of 
from  1,000  to  1,200  feet  above  the  level  of  the  ocean  until  broken 
through  by  the  St.  Lawrence,  the  Susquehanna,  the  Hudson,  partially 
by  the  Mohawk  at  Little  Falls,  and  perhaps  also  by  the  Connecticut. 

But,  to  whatever  cause  we  attribute  the  phenomena  of  the  superficial  detritus  of 
the  fourth  district,  the  whole  surface  has  been  permanently  covered  by  water,  for  it 
seems  impa*<sible  that  jjartial  inundations  could  have  produce<l  the  uniform  character 
and  disposition  of  the  materials  which  we  find  spread  over  the  surface. 

Hall  apparently  failed  at  first  to  realize  the  efficacy  of  subaerial  ero- 
sion, and  thought  that  the  immense  amount  of  denudation  which  had 
taken  place  in  his  portion  of  the  State  could  only  have  been  accom- 
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Sketch  of  James 


plished  beneath  the  ocean,  when  it  entirely'  covered  the  surface  of  the 
country  and  was  subject  to  tides  and  currents  like  the  present  ocean. 

Thus  we  may  conceive  this  wliole  extent  of  country  to  liave  been  submerged 
beneath  the  ocean  for  a  lonj^  i)erio(l;  and  that  in  ita  subse<iuent  elevation  it  has  l>een 
washeil  by  the  advancing?  and  retiring  waves,  which  have  worn  the  deep  indenta- 
tions in  the  limestone  cliffs  and  bnjken  up  the  edges  of  the  strata. 

Hall  was  born  at  Ilingham,  Massachusetts,  in  1811,  and  studied  under 
Ekton  at  the  Rensselaer  Polytechnic  Institute,  graduating  in  1832,  after 
which  be  served  for  a  short  time  as  librarian,  and  was  then  appointed 
assistant  to  Eaton,  at  a  salary  of  $600  a  year. 

His  first  systematic  work  in  geology  was  done  under 
the  patronage  of  Stephen  Van  Rensselaer  in  St.  Law- 
rence County.  With  the  organization  of  the  State  geological  survey 
in  1836  he  was  appointed  assistant  to  Emmons,  but,  after  the  with- 
drawal of  Conrad,  was  placed  in  charge  of  the  fourth  district — 

the  level,  uninteresting  western  portion  of  the  State, 
which  he  was  told  was  go(xl  enough  for  a  young  man 
of  twenty-five.  The  region  was  not  the  westt'rn  New 
York  of  to-day;  roads  were  less  numerous  and  less 
carefully  made;,  exposures  were  rare  and  poor.  It 
was  necessary  to  wade  along  streams  for  miles  to 
g^n  fragments  which  were  to  be  pieced  into  tenta- 
tive si^ctions;  the  people  were  suspicious,  fearing 
8r)me  new  scheme  for  increasing  the  taxes;  but  none 
of  these  things  move<l  him;  as  in  later  years,  diffi- 
culties only  increased  his  determination.  So  his  is 
the  only  one  of  the  four  final  reiK)rts  which  deals 
bmadly  with  the  problems  of  the  young  science, 
and,  though  uinm  the  contemneil  fourth  district,  it 
is  the  only  one  which  has  endured  with  authority 
and  become  a  classic  in  geological  literature. 

The  final  withdrawal  of  Conrad  from  even 
the  paleontological  work  left  Hall  almost  sole  master  of  the  field,  which 
he  for  a  time  tilled  so  completely  that  he  cjime  to  regard  it  as  his  own, 
and  resented  fiercely  any  intrusion  upon  his  domain.  This  resentment 
and  his  desire  to  gain  priority  in  all  matters  relative  to  Paleozoic 
paleontology  caused  him  at  times  to  resort  to  methods  so  (luestionable 
as  to  rouse  the  antagonism  of  nearly  every  paleontologist  in  America," 
and  subjected  him  to  criticism  of  the  severest  kind.  Undoubtedly  a 
portion  of  the  hatred  and  opposition  to  him  which  early  tecame  mani- 
fest was  the  outgrowth  of  that  peculiar  jealousy  which  the  poet  Riley 
has  so  aptly  set  forth  in  his  humorous  rhyme: 

And  I've  known  some  to  lie  and  wait, 
And  git  up  soon  and  set  up  late. 
To  find  some  fellow  they  could  hate 
For  going  at  a  faster  gait: 

"See  Meek*B  comments  relative  to  Hall's  work  in  Iowa,  and  also  statements  on 
p.  367  relative  to  the  Troost  collection.  ^ 


Fio.  33.— Jame«  Hall. 
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Much  of  it  was,  however,  unquestional)ly  fully  justified. 

His  disposition  to  down  an  opponent  through  sheer  weight  of  per- 
sonal authority  rather  than  by  proof  or  argument  sometimes  resulted 
in  placing  him  in  laughable  and  awkward  positions  before  his  audience, 
but  from  which  he  always  emerged  unembarrtussed.  Thus  it  is  told 
of  him  that  at  the  Buffalo  meeting  of  the  American  Association  for 
the  Advancement  of  Science  a  member  rose  to  question  a  statement 
of  his  to  the  effect  that  three  species  of  Spirifer  characterized  three 
zones  of  the  Chemimg  formation,  the  gentleman  affirming  that,  so  far 
from  this  being  the  case,  the  three  species  could  often  be  foimd  upon 
one  slab,  indicating  that  they  belong  to  the  same  zone.  This  Hall 
emphatically  denied,  and  declared  that  if  such  a  slab  could  be  shown 
him,  i.  e.,  with  the  three  species  associated,  he,  Hall,  would  eat  it. 
The  next  day  such  a  slab  was  actually  produced,  though  it  is  not  upon 
record  that  Hall  was  called  upon  to  redeem  his  promise. 

He  was  a  man  of  tremendous  physical  energy,  whom  no  amount  of 
opposition  could  down,  and  on  the  failure  of  the  legislature  in  1850  to 
make  the  necessary  appropriations  for  a  paleontological  survey  of  the 
State  he  carried  it  on  for  a  time  at  his  own  expense,  even  when  this 
involved  the  sacrifice  of  his  private  means. 

Stevenson  would  have  us  believe  that  the  fundamental  feature  of 
Hall's  character  was  '^child-like  simplicity  united  to  self-confidence 
and  indomitable  energy.''  With  reference  to  the  last-mentioned  qual- 
ities no  one  will  take  exception. 

Knowing  what  he  wanted  he  took  a  direct  line,  witli  little  regard  for  anybody  or 
anything  which  might  be  in  the  way  to  oppose.  *  *  *  He  deceived  his  oppo- 
nents by  always  telling  the  truth,  Honiething  strange  to  politicians,  but  in  time  they 
came  to  understand  him  well,  and  strong  men  sought  combat  simply  to  measure 
strength,  as  in  gladiatorial  contests  of  olden  time.  Almost  invariably  he  was  victo- 
rious, but  victory  was  often  worse  than  defeat,  for  it  converte<l  into  life-long  enemies 
men  who  before  had  been  merely  indifferent.  *  *  *  He  held  his  place  for  almost 
two-thirds  of  a  century  through  no  favor  of  man,  but  solely  because  he  refused  to  be 
displaced. 

For  the  benefit  of  those  who,  after  the  science  of  paleontology  was 
well  upon  its  feet,  were  disposed  to  claim  it  as  a  branch  of  biology,  it 
may  be  well  to  remark  that  with  Hall  the  problems  of  geology  were 
always  uppermost. 

His  quartos  on  the  New  York  paleontology  are  his  monument,  and  the  casual 
observer  is  liable  to  see  in  him  a  biologist  rather  than  a  geologist,  but  until  his  later 
years  he  was  a  geologist.  His  studies  were  from  the  standpoint  of  one  seeking  to 
determine  relations  between  the  physical  and  biological  conditions  in  order  to  solve 
problems  of  correlation.  The  great  problems  of  geology,  not  those  of  biolog}',  were 
uppermost  in  his  mind  until  less  than  twenty  years  ago.  His  presidential  address  to 
the  American  Association  for  the  Advancement  of  Science  in  1857  (see  p.  499) ,  was  so 
far  in  advance  of  the  time  as  to  be  thought  not  merely  absurd,  but  mystical,  yet  to-day 
it  is  recognize<l  as  one  of  the  most  imjMjrtant  contributions  to  one  of  the  most  difficult 
problems  in  physical  geology.     Even  in  his  later  years,  when  bioli)gical  problems 
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ha<l  assumed  their  projK^r  importance  for  him,  he  would  have  resented  an  intimation 
that  he  was  any  lesH  of  j?eologist  than  l)efore. 

Fifteen  quarto  volumes,  comprising  4,581)  pajres  and  1,081  full  page 
plates  of  fossils,  stand  as  an  enduring  monument  to  his  industry,  a 
record  which  never  has,  and  presumably  never  will  be,  surpassed  in 
the  annals  of  American  geology.'' 

In  1841  Hall,  fresh  from  his  work  on  the  geological  survey  of  New 
York,  made  a  tour  through  the  then  western  State  of  Ohio  tb  the 
Mississippi  River,  with  a  view  of  furthering  the  work  df  Vanuxem  in 
1829  relative  to  the  identity  of  certain  of  the  western 
1841*^**'**''^*'****  formations  with  those  of  New  York.  As  a  result,  he 
claimed  that  the  rocks  seen  near  Cleveland  were  ''per- 
fectly identical  with  those  of  the  middle  portion  of  the  Portage  group,'' 
and  that  the  rocks  of  the  Chenmng  group,  now  known  to  be  Waverly, 
appeared  near  Newbury  and  Akron.  The  Cliff  limestone  of  the  Ohio 
geologists  he  regjirded  as  the  equivalent  of  the  Helderberg  series  of 
New  York,  or  at  lea^^st  of  the  Onondaga  and  Corniferous  members.* 
Perhaps  the  most  important  of  his  generalizations  was  the  following: 

From  the  facts  here  stated,  the  conclusion  seems  unavoidable  that  the  character 
of  fossils  is,  or  may  l>e,  as  variable  as  lithological  characters;  in  fact,  that  the  species 
<iepend  in  some  degree  upon  the  nature  of  the  material  among  which  they  lived. 
Fossil  charat'ters,  therefore,  become  of  parallel  importance  to  the  lithological;  and, 
in  order  to  arrive  at  just  conclusions,  l)oth  must  be  studied  in  connection,  and  local- 
ities of  proximity  examine<l.  In  the  case  of  the  Hudson  River  group  of  shales  an<l 
sandstones,  in  passing  from  New  York  to  Ohio  the  lithological  character  is  almost 
entirely  changed,  and  at  the  same  time  also  the  most  prominent  and  abundant 
fossils  are  unlike  those  of  the  group  in  New  York.  More  tareful  examination,  how- 
ever, reveals  the  fossils  which  characterize  this  group  at  the  East,  and  also  at  the 
same  time  some  obscurely  similar  lithological  characters.  Similar  lithological  changes, 
accompanied  by  like  changes  in  fossils,  occur  in  more  limited  districts  within  the 
State  of  New  York.  Without  desiring  to  diminish  the  value  of  fossil  characters  as 
means  of  identifying  strata,  it  must  still  be  acknowknlgeii  that  similar  conditions  in 
the  \m[  of  the  ocean,  and,  apparently,  similar  depth  of  water,  are  reijuired  to  give 
existence  or  continuation  to  a  uniform  fauna;  and  when  we  jmiss  Ixjyond  the  points 
where  these  conditions  existed  in  the  ancient  ocean,  we  lose,  in  the  same  di^gree,  the 
evidences  of  identity  through  successive  depositions,  often  of  very  different  nature; 
yet,  at  the  same  time,  these  may  not  have  had  a  very  wide  geographical  range. 

«  Prof.  Charles  Schuchert  informs  me  that  if  to  the  al>ove  are  added  his  miscella- 
neous publications  in  (X'tavo  the  nund)er  of  pages  of  text  published  during  his  life 
may  safely  be  set  down  as  not  less  than  10,000.  I^rge  as  are  these  figures,  they 
were,  however,  exceeded  by  the  celebratcnl  Bohemian  paleontologist  Barrande,  w  ho 
issuer!  during  his  hfe  IS  quarto  volumes,  comprising  5,568  pages  of  text  and  798 
plates  of  fossils,  Ix'sides  leaving  manus<Tipt  and  mati^rial  for  at  least  10  volumes 
more,  of  which  4  have  l)een  issued  since  his  death. 

^At  that  time,  the  ('orniferous,  Schoharie,  Cauda-galli,  Oriskany,  and  the 
Onondaga,  or  Salina  and  Waterlime,  were  considere<l  sulnii visions  of  the  Upper  and 
Ix)wer  Helderberg. 
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He  further  wrote: 

One  of  the  most  interesting  changes  in  the  products  on  going  westward  is  the  great 
increase  of  carbonate  of  lime,  and  the  diminution  of  shaly  and  sandy  matter,  indi- 
cating a  deeper  ocean  or  greater  distance  from  land.  The  source  of  the  calcareous 
deposits  is  thus  shown  to  have  been  in  that  direction,  or  in  the  southwest,  while  the 
sands  and  clays  had  their  origin  in  the  east,  southeast,  and  northeast,  protlucing  a 
turbid  condition  in  the  waters  of  these  parts  during  long  intervals,  and  the  formation 
of  chemical  deposits.  In  New  York  we  are  evidently  upon  the  margin  of  this  primeval 
ocean,  as  indicated  in  the  character  of  the  depa«»its  as  well  as  organic  remains;  the 
southwest  unfolds  to  us  that  portion  where  greater  depth  and  more  quiet  condition 
prevailed. 

This  is  apparently  the  first  clear  enunciation  by  an  Aniierican  geolo- 
gist of  what  are  now  generally  recognized  as  well  established  geologi- 
cal principles. 

It  wais  but  natural  that  Hall,  while  geologist  of  the  fourth  district  of 

New  York,  should  write  concerning  Niagara  and  its  gorges.     The 

views  of  Bakewell,  Rogers,  and  Hayes  have  l)een  already  noted  in 

these  pages.     Hall  in  his  State  report  (1841),  but  more 

Concerning  Niagara,  in  detail  in  the  Boston  Journal  of  Natural  Historv  for 

1842.  *' 

1842,  covered  the  ground  in  a  manner  much  more 
thorough  and  scientific  than  any  of  his  predecessors. 

Hall  announced  at  the  outset  his  disagreement  with  Doctor  Dau- 
beny,"  who  considered  that  the  terrace  or  escarpment  at  Lewiston  was 
produced  by  a  fault,  as  he  found  no  evidence  whatever  of  even  the 
smallest  disturbance. 

He  noted  the  abrupt  change  in  the  direction  of  the  stream  at  the 
Whirlpool,  and  also  the  gravel-filled  channel  extending  from  this  i>oint 
to  St.  Davids,  but,  singularly  enough,  failed  to  realize  that  this  may 
have  been  the  one-time  channel  of  the  Niagara.  He  felt,  rather, 
that  this  ravine  wa.s  excavated  by  the  power  of  the  waves  of  the  sea, 
aided  probably  l)y  a  stream  which  may  have  been  of  very  insignificant 
proportions. 

The  fact  was,  however,  recx)gnizcd  that  the  river  was  at  that  time 
carving  out  its  own  channel,  and  the  existing  gorge  from  the  falls  to 
Lewiston  was  due  to  the  same  cause. 

In  1841,  after  several  years  of  agitation,  there  was  established  a 

geological  survey  of  Canada,  of  which  \V.  E.  Logan  was  put  in  charge 

in  the  spring  of  1842,  the  sum  of  £1,500  being  appropriated  for  the 

pui*pose  of  carrying  out  the  work.     During  the  seafson 

Establishment  of  a       ^-    *    ,,,    ^  x  i  i       •  •    • 

Geological  Survey      of  1842  Logan  spent  sevcml  weeks  m  examinmg  por- 

of  Canada,  1842.  .  -     ,  ,   5i    ,  ,        ^  ^.  ..         .  ,  ^r         ^ 

tions  of  the  coal  nelds  of  IS  ova  Scotia  and  New  Bruns- 
wick, and  made  his  famous  section  of  the  Coal  Measures  at  the  South 
Joggins,  which  gave  the  details  of  nearly  the  whole  thickness  of  the 
coal  formation,  some  14,500  feet,  including  76  beds  of  coal  and  90 
distinct  Stigmaria  under-clays.     Logan  remained  at  tlie  head  of  this 

"Baubeny  was  professor  at  Oxford,  England,  (^ooolp 


AMERICAN    GEOLOGY — DECADE    OF   1840-1849. 


385 


5^    i 


survey  until  1869,  when  he  resigned,  to  be  succeeded  by  Selwyn  (see 
p.  549).  During  this  period  he  submitted  sixteen  reports,  dealing 
mainly  with  stratigraphic  and 
economic  subjects,  and  in  1863 
a  summation  of  his  results  un- 
der the  caption  of  The  Geology 
of  Canada  (p.  517). 

Among  the  early  members  of 
the  New  York  Lyceum  was  one 
Issachar  Cozzens,  a  chemist  and 
geologist,  who  has  left  as  his 
main  claim  to  recognition  here 
an  octavo  volume  of  114  pages 
and  9  plates,  entitled  A  Geo- 
logical History 

IsMCharCozzeos**         .       **      i     ^. 

Oeoiogv  of  New         of     Man hattan 

York.  1843. 

or  New  York 
Island,  together  with  a  map  of 
the  Island  and  a  suite  of  Sec- 
tions, Tables,  and  Columns  for 
the  Study  of  Geology,  particu- 
larly adapted  to  the  American 
Student.  This  was  published 
in  1843.  The  map  and  sections 
were  all  hand-colored,  the  latter 
somewhat  gorgeously,  and  in- 
cluded, aside  from  those  relat- 
ing to  New  York  Island  proper, 
sections  of  Staten  Island;  one 
across  the  Palisades  on  the  west 
side  of  the  Hudson  River;  one 
from  Stony  Point,  on  the  Hud- 
son River,  through  Dunderberg 
Mountain  in  New  York;  one 
from  Brenton  Reef  to  Ports- 
mouth, Rhode  Island,  and  one  of 
Niagara  Falls,  the  latter  show- 
ing the  origin  of  the  falls 
through  the  gradual  undermin- 
ing of  the  softer  shales  and  the 
breaking  down  of  the  harder 
limestones  above. 

The  rocks  of  Manhattan  Island  proper  were  classed  as  (1)  granite, 
(2)  syenite,  (3)  gneiss,  (4)  hornblende  slate,  (5)  quartz  rock,  (6)  serpen 
tine,  (7)  primitive  limestone,  and  (8)  diluvion, 
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In  the  various  sections  given  the  vertical  distances  are  grossly 
exaggerated,  and  the  rocks  piled  on  top  of  one  another  without  any 
evident  consideration  of  their  original  position;  nor  is  there  in  the 
text  any  indication  that  the  author  considered  at  all  the  problems 
relating  to  original  horizontality,  uplift,  and  erosion.  The  red  sand- 
stone associated  with  the  New  Jersey  traps  (Triassic)  he  considered  as 
Old  Red,  but  the  impressions  of  fossil  fish  that  had  been  reported  as 
found  therein  he  regarded  as  rather  from  overlying  beds — from  "one 
of  the  upper  members  of  the  Coal  Measures  which  lie  above  it." 
The  Triassic  conglomerate  of  Maryland  and  Virginia  was  also  inci- 
dentally referred  to  the  Coal  Measures.  This  seems  a  little  strange 
when  we  consider  the  previous  work  of  his  collaborators,  Redtield  and 
Hitchcock. 

It  is  stated  in  his  preface  that  the  work  was  first  undertaken  for  his 
own  amusement  and  study,  and  it  is  possible  that  his  influence  can  not 
be  gauged  simply  b}^  this  one  publication.^' 

In  1843,  also,  there  was  published  by  B^'^rem  Lawrence  a  geological 

map  and  descriptive  pamph  let  of  the  Western  States.    This  was  designed 

for  popular  use,  and  was  claimed  to  be  the  first  attempt  of  its  kind. 

The  "Western  States"  at  that  date  included  nothing 

Lawrence's  Geology  <.      i  n*.      .      .       •    tt   n  <-t»T«i        itt         ^^    i 

of  the  Western  wcst  of   the    Mississippi  Valley.     "The  West,"   he 

wrote,  '^  has  no  mountains  nor  even  hills,  except  such 
as  have  been  produced  by  the  action  of  running  water  *  *  *.  The 
rocks  here  have  never  been  broken  by  violence  nor  tilted  up  as  in  the 
East,  but  lie  apparently  horizontal  in  the  sides  of  the  hills."  The 
drift  he  described  in  some  detail,  its  source  recognized  and  its  cause 
attributed  to  water  and  ice.  "  It  is  probable  there  may  be  some  anal- 
ogy between  the  whole  matter  and  the  icebergs  of  the  present  day."* 

In  1843,  too,  the  noted  Edmund  Kuffin,  agricultural  surveyor  of 
South  Carolina,  published  a  report  of  the  commencement  and  progress 
of  his  survey,  in  the  form  of  a  small  volume  [of  120  +  56  pages], 

_  which  naturally  related  largely  to  agricultural  matters. 

Rnffin and Tuomey's  _  .        i    i  i.  .^     i       .  i  i.        -i 

work  in  South  It  contained,  howevcr,  a  list  of  the  invertebrate  fossils 

of  the  State  as  then  known  and  numerous  analyses  of 

the  marls.     He  noted  that  nearly  the  entire  country  above  the  lower 

« In  the  annals  of  the  Lyceum  of  Natural  History  for  1867,  Mr.  R.  P.  Stevens 
had  a  paper  read  in  1865  on  the  past  and  present  history  of  the  geology  of  New  York 
I^<land.  In  this,  after  reviewing  the  work  of  H.  H.  Hayden,  Maclure,  Akerly,  and 
Cozzens,  he  gave  the  results  of  later  observations  by  himself  in  the  75  to  100  miles 
of  artiticial  sections  exposed  since  Cozzens' s  time.  He  showed  the  island  to  be  a 
l>ortion  of  the  main  land  of  Westchester  County  cut  off  by  a  profound  fault.  The 
nx'ks  enumerate<l  were  chiefly  gneiss,  which  he  considered  metamorphosed  Taconic, 
cut  by  granite,  and  interl>edded  with  limestone. 

*  Lawrence  is  creditt^d  in  Darton's  bibliography  of  American  geology  with  but  two 
very  brief  geological  papers — on  Coal  in  Arkansas  and  the  Geology  of  Arkansas — 
published  in  New  Orleans  in  1851  and  1858,  respectively. 
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fall  line  of  the  rivers  was  occupied  by  granitic  rocks  and  their  residual 
soils. 

The  first  attempt  at  a  systematic  geological  surve}-  of  South  Caro- 
lina was  inaugurated  in  1844  with  the  appointment  of  Michael  Tuomey 
as  State  geologist.  The  first  report,  an  octavo  pamphlet  of  45  pages 
with  an  appendix,  was  submitted  in  November  of  the  same  year.  This 
was  devoted  mainly  to  economic  considerations,  and,  aside  from  a  few 
notes  on  rock  weathering,  contained  little  of  general  interest.  His 
final  report,  which  appeared  in  1849,  will  be  noted  later. 

Tuomey  was  }>orn  in  Ireland  in  1805,  and  went  to  England  when 
al)out  17  years  of  age,  shortly  afterwards  coining  to  America.  He 
first  settled  near  Philadelphia,  going  thence  to  Maryland,  whore  he 
served  for  a  time  as  a  tutor  in  a  priv^ate  famil3\  He 
Sketch  of  Tuomey.  entered  the  Rensselaer  school  in  New  York,  and  after 
graduation  went  South,  serving  first  as  an  engineer  on 
a  railwa}'  in  North  Carolina  and  aftei-wards  as  a  teacher  in  Virginia. 
His  love  for  natural  history  led  him  to  make 
collections  of  fossils,  which  brought  him  in 
contact  with  Sir  Charles  L3^ell,  James  Hall, 
J.  D.  Dana,  and  others,  and  he  shared  with 
Rogers  the  honor  of  discovering  the  infuso- 
rial beds  near  Richmond  and  Petersburg. 

In  1844  he  became  Sbite  geologist  of 
South  Carolinia,  as  already  mentioned,  and, 
in  1847,  was  appointed  professor  of  geology, 
mineralogy,  and  agricultural  chemistry  in 
the  University  of  Alabama;  in  1848  receiv- 
ing in  addition  the  appointment  of  State 
geologist.  As  a  teacher  Tuomey  is  repre- 
sented to  us  as  possessing  in  a  remarkable 
degree  the  faculty  of  interesting  the  student, 

those,  even,  who  took  no  particular  interest  in  the  subject-matter  of  his 
lectures.  His  native  Irish  wit  did  much  to  render  his  lectures  enter- 
taining, especially  to  those  who  were  not  the  victims  of  it,  he  being 
particularly  unmerciful  in  his  rebukes  and  exposures  of  shams  and 
affectations. 

His  most  important  publications  are  his  official  reports  on  the  geol- 
ogy of  South  Carolina,  and  his  joint  report  with  Dr.  F.  S.  Holmes,  of 
(,'harleston,  on  the  Pliocene  fossils  of  that  State,  the  latter  of  which 
appeared  in  1855. 

Prior  to  the  introduction  of  the  microscope  and  the  study  of  rock 
structures  by  means  of  thin  sections  (about  1870)  views  regarding 
metamorphism,  particularly  such  as  are  due  to  sheering  stresses  in 
the  older  crystallines,  were  naturally  somewhat  vague.  With  rocks 
too  fine  of  grain  to  allow  a  determination  of  their  structure  and  mineral 
composition  by  the  unaided  eye,  only  mode  of  ()c<*urrence  courcvlie 
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relied  upon  to  give  a  clew  to  their  origin,  and  it  was  not  until  the  thin 

sections  made  it  possible  to  sometimes  trace  a  distinct  gradation  from 

schistose  and  foliated  rocks  of  decidedly  metamorphic 

Dana's  Views  on  ^.^  .  ^.  /..i  "i^.^ 

Metamorphisn.  aspcct  mto  massive  eruptives  of  the  same  ultimate  com- 
position that  a  feeling  of  doubt  began  to  arise  in  the 
minds  of  observers  regarding  the  assumed  sedimentary  origin  of  the 
gneisses  and  crystalline  schist'^. 

It  was  during  this  prematinal  period,  as  Rogers  might  have  termed 
it,  that  J.  D.  Dana  came  out  with  a  suggestive  paper  in  the  American 
Journal  of  Science  on  the  analogies  between  the  modern  igneous  rocks 
and  the  so-called  Primary  formations  and  the  metamorphic  changes 
produced  by  heat  in  the  associated  sedimentary  deposits.  The  con- 
clusions arrived  at  were  based  upon  observations  made  during  the 
Wilkes  exploring  expedition,  and  the  exciting  cause  of  a  paper  at  this 
time  would  appear  to  have  been  the  somewhat  varying  views  recently 
put  forth  by  Lyell. 

Dana  argued  that:  (1)  The  schistose  structure  of  gneiss  and  mica 
slate  was  not  necessarily  an  evidence  of  sedimentary^  origin;  (2)  that 
some  granites  having  no  trace  of  a  schistose  structure  may  have  had  a 
sedimentary  origin;  and  (8)  that  the  heat  producing  metamorphism 
was  not  applied  from  beneath  by  conduction,  but  was  rather  due  to 
heated  waters  of  the  ocean  which  permeated  the  rocks.  As  confirma- 
tory of  the  first  he  called  attention  to  the  parallel  arrangement  of  the 
minerals  and  the  consequent  platy  structure,  with  a  tendency  to  split 
along  certain  lines,  which  were  sometimes  found  in  volcanic  and  other 
igneous  rocks.  The  possibility  of  a  schistose  structure  due  to  dynamic 
(shearing)  causes  was  not,  however,  suggested. 

His  argument  for  the  possible  metamorphic  origin  of  certain  gran- 
ites was  based  upon  the  fact  that  some  of  the  basaltic  tuflfs  observed 
by  him  in  the  Andes  and  in  Oregon  had  become  so  indurated  that  their 
fragmental  origin  was  almost  wholly  obscured.  He  felt  that  if  rocks 
of  this  t^^pe  could  be  so  remodeled  or  rehardened  as  to  be  scarcely  dis- 
tinguishable from  the  parent  rock,  sedimentary  deposits  of  granitic 
origin  might  undergo  a  like  change. 

His  argument  against  metamorphism  by  dry  heat  was  enforced  by 
calling  attention  to  the  low  conducting  power  of  stone,  which  is  such 
that  heat,  even  to  the  point  of  fusion,  may  be  transmitted  only  a  few 
inches.  ''Lavas  may  be  heated  to  a  red  heat  within  a  yard  of  the  sur- 
face and  still  be  so  cool  above  that  the  bare  foot  may  walk  upon  them.'- 
He  believed  that  subterranean  waters  or  water  on  sea  bottoms  might 
become  so  heated  [)y  "  volcanic  tires"  as,  on  permeating  the  rocks,  to 
bring  about  the  metamorphism.  This,  of  courvse,  would  mean  that  the 
gneissic  rocks  were  not  necessarily  deep  seated  (hypogene),  as  held  b}^ 
Lyell,  but  analogous  to  other  rock  formations  deposited  and  solidified 
at  or  near  the  surface.  ^  C^r^nin]r> 
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In  a  paper  read  before  the  fifth  session  of  American  Geologists  and 
Naturalists  in  1844,  Prof.  Edward  Hitchcock  described  a  trap  tufa 
differing  from  ''common  trap"'  in  being  conglomerate  and  apparently 
Hitchcock  on  the  carrying  organic  remains.  He  believed  that  this  was 
Connecticut  Valley    produced   before  the  main  ridges  of  trap  alonff  the 

and  on  inclination      fl  .  t^.  i  .  i.  . 

of  strau,  1844.  Connecticut  Kiver,  by  precursory  outbursts  of  pumice, 
scoria,  ashes,  and  melted  matter  falling  over  the  bottom  of  the  ocean, 
where  it  became  admixed  with  sand  and  gravel.  After  this  layers  of 
sandstone  accumulated  over  It,  and  finally  the  main  ridges  of  trap  were 
protruded  through  the  strata,  tilting  them  up. 

He  regarded  the  dip  of  the  sandstone  in  the  valley  as  due  in  part  to 
elevation  by  the  protrusion  of  the  trap  and  in  part  to  the  lifting  and 
lateral  movements  of  the  adjoining  primary  ridges.  He  felt,  however, 
that  the  sandstone  might  have  been  originally  deposited  on  a  slightly 
inclined  plane.  This  last  view  brings  up  a  matter  which  seems  often 
to  have  seriously  troubled  the  earlier  geologists,  and  which,  so  far  as 
the  literature  shows,  was  never  solved  for  itself,  but  became  lost  sight 
of  as  other  and  satisfactory  means  of  accounting  for  the  phenomenon 
were  observed.  This  relates  to  the  inclined  position  of  strata — how 
much  of  it  was  due  to  original  deposition  and  how  much  to  upheaval. 
Cleaveland,  it  will  be  rememl>ered,  in  his  work  on  geology  and 
mineralogy,  1810,  expressed  a  doubt  as  to  whether  the  inclined  posi- 
tion of  strata  was  original  or  due  to  some  powerful  cause  which  had 
elevated  them  from  horizontality.  Maclurein  1825  suggested  that  the 
dip,  so  far  as  the  transition  rocks  were  concerned,  might  result  from 
their  having  been  laid  down  on  a  primitive  floor,  concerning  the  posi- 
tion of  which  nothing  was  known.  Hitchcock,  it  will  be  noticed,  with 
his  usual  caution,  felt  that  both  causes  might  have  been  instrumental 
in  producing  the  dip  observed. 

At  the  same  session  at  which  Hitchcock  read  the  paper  noted  above, 
Benjamin  Silliman,  jr.,  presented  a  report  On  the  Intrusive  Trap  of 
the  New  Red  Sandstone  of  Connecticut.  His  conclusions  were  to  the 
effect  that  the  sandstone  was  let  down  from  suspension  in  water  in 
the  inclined  position  which  it  now  occupies  and  that  it  had  suffered  no 
change  in  dip,  excepting  in  immediate  connection  with  the  injection 
of  the  trap  rocks.  He  considered  it  probable  that  the  strata  were 
deposited  by  a  primeval  ocean  current  setting  from  the  southwest  and 
west.  Subsequent  to  this  accumulation  and  consolidation  the  lower 
primary  rocks  were  disrupted,  the  igneous  rocks  injected  through  the 
fissures  and  distributed  along  the  lines  of  least  resistance  in  the  sedi- 
mentary strata— that  is,  along  and  up  the  plane  of  the  dip,  thereby 
lifting  the  strata  parallel  to  the  dip  from  the  beds  on  which  they  had 
before  reposed.  At  the  same  time  there  were  produced  in  the  upper 
strata  fissures  and  transverse  cracks  which  w^ere  filled  with  the  molten 
trap.     This  injection  he  thought  was  probably  continued  during  a 
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long  period,  but  all  referable  to  the  same  geological  epoch  and  anterior 
to  the  elevation  of  the  strata  in  which  it  occurred. 

After  the  deposition  and  injection  ceased,  and  the  elevation  of  the 
present  continent  had  commenced,  denudation,  induced  by  a  northerly 
current,  set  in,  the  current  itself  being  due  to  the  flowing  off  of  the 
oceanic  waters  incidental  to  the  elevation  of  the  present  continent. 
By  this  denudation  the  soft  shales  and  other  materials  were  removed 
and  the  trap  ridges  developed.  Thus,  deposition,  intrusion,  uplift, 
and  erosion  were  all  included  within  a  single  epoch. 

Early  speculations  regarding  the  origin  of  the  earth,  though  largely 
fanciful,  were  founded  upon  the  brief  outline  of  a  series  of  events  as 
chronicled  in  the  first  chapter  of  Genesis.  Theories  regarding  earth 
development  and  its  probable  destiny  other  than  its 
Atmosphere  of  the  catastrophic  annihilation  through  Divme  wrath,  as  a 
punishment  for  sinful  man,  were  slow  to  appear. 
When  such  did  appear,  however,  they  were  founded  upon  a  much 
more  scientific  basis.  

That  a  mutual  reaction  was  going  on  constantly  between  the  super- 
ficial portions  of  the  earth  and  its  surrounding  atmosphere  was  doubt- 
less realized  by  all  of  those  who  wrote  on  the  weathering  of  rocks  and 
the  fonnation  of  soils;  but,  so  far  as  known  to  the  present  writer,  H.  D. 
liogers  was  one  of  the  first  of  American  geologists  to  show  by  direct 
calculation  that  the  earth  had  been  in  the  past,  as  at  present,  robbing 
the  atmosphere  of  some  of  its  constituent  parts  and  gradually  storing 
them  up  in  its  solid  crust. « 

At  the  Washington  meeting  of  the  American  Association  of  Geolo- 
gists and  Naturalists  in  May,  1844,  Professor  Rogers  submitted  a  com- 
munication on  the  probable  constitution  of  the  atmosphere  at  the  period 
of  the  formation  of  the  coal.  He  estimated  that  the  amount  of  carbon 
existing  in  the  atmosphere  to-day  in  the  form  of  carbonic  a(»id  would 
be  only  suflBicient  to  furnish  through  vegetable  action  about  850,000,000 
tons  of  coal,  while  the  probable  quantity  of  this  substance  in  existence, 
all  of  which  must  have  been  elaborated  from  the  ancient  atmosphere, 
wa.s  nearly  5,000,000,000  tons;  that  is  to  say,  about  six  times  what  the 
present  atmosphere  would  produce.  So  great  a  reduction  in  the  car- 
bonic acid,  implying  a  corresponding  augmentation  of  oxygen,  is  felt 
to  be  a  matter  of  great  interest  in  geology,  as  showing  that  every  modi- 
fication in  the  constitution  of  the  air  had  adapted  it  to  the  development 
of  animals  progressively  higher  in  the  scale  of  organization. 

Of  all  the  New  England  States  Vermont  was  the  last  to  become 
infected  with  a  desire  for  a  geological  survey,  and  it  was  not  until 

«  Vanuxem  in  1827,  while  connected  with  South  Carolina  College,  pointed  out  the 
probable  change  in  the  atmosphere  during  geologic  time  through  the  absorption  by 
the  earth  of  nitrogen  and  oxygen,  and  also  the  probability  of  a  wann,  moist  climate 
during  the  period  of  coal  formation.     (American  Journal  of  Science,  XII,  1827.) 
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1844  that  the  final  steps  were  taken  resulting  in  the  appointment  of 
Prof.  C.  B.  Adams  as  State  geologist.  Adams  was  educated  at  Phillips 
Academy  and  Amherst  College,  and  subsequently  attended  the  theo- 
logical seminar}^  at  the  last-named  place.  In  1836  he 
hi  verm5S!*iM4.'*  became  a  tutor  at  Amherst  and  for  a  brief  period  was 
assistant  to  Professor  Hitchcock  in  his  work  on  the 
geological  survey  of  New  York.  When  appointed  State  geologist  of 
Vermont  he  selected  Zadock  Thompson  as  his  chief  assistant,  Denison 
Olmsted,  jr.,  and  later  T.  Sterry  Hunt  aiding  in  mineralogy  and  chem- 
istry. Rev.  S.  R.  Hall,  of  Craftsbury,  was  employed  to  look  after 
the  agricultural  features.  Up  to  March,  1848,  the  surve}'  continued 
in  a  fairly  prosperous  condition,  a  large  amount  of  material  being  col- 
lected, both  in  the  way  of  specimens  and  notes,  but  at  the  session  of 
the  legislature  for  this  year  appropriations  were  for  some  reason  with- 
held and  the  work  stopped.  Four  reports  in  all  were  issued,  the  last 
a  mere  pamphlet  of  eight  pages. 

The  purpose  of  the  survey,  as  stated  in 
the  first  report,  was  to  collect  and  analyze 
the  soil,  the  simple  minerals,  both  of  eco- 
nomic and  scientific  importance,  and  to 
make  investigations  into  the  character  and 
limits  of  the  geological  formations.  The 
reports  on  the  whole  were  extremely  frag- 
mentary. Doctor  Adams  dying  before  the 
manuscript  of  the  final  report  was  pre- 
pared, a  large  part  of  his  work  was  lost, 
this  mainly  owing  to  the  fact  that  he  took 
his  notes  in  a  ''peculiar  shorthand,  which 

only  he  could  read.''    As  suggested  by  Pro-        fig.  ae.-chari^Bakcr  Adams. 
fessor  Thompson,  it  would  have  required 
more  labor  to  decipher  his  notes  than  to  go  over  the  ground  anew. 

The  second  annual  report  was  prepared — as  was  not  infrequently 
the  case  at  that  date — in  the  form  of  a  general  treatise  on  geology, 
and  began  with  an  elementary  chapter  which  dealt  with  all  subjects 
relating  to  geological  phenomena,  whether  applicable  to  the  State  or 
not.  The  views  advanced  were  those  given  b}'  tlie  text-books  of  the 
period  and  need  not  be  mentioned  in  detail.  An  ideal  section  from 
the  first  report  is,  however,  reproduced  here  as  ilhistrating  equally 
well  the  rough  method  of  picture  making  with  which  the  early  work- 
ers had  to  content  themselves  and  the  crudity  of  ideas  relative  to  the 
earth's  crust  and  interior.  He  would,  indeed,  be  regarded  as  a  novice 
in  geology  to-daj^  who  would  not  at  first  glance  inquire  what  supported 
the  mass  of  solid  material  represented  as  resting  upon  the  molten  lava, 
yet  this  question  does  not  seem  at  this  time  to  have  even  presented 
itself  for  consideration.     A  little  space  was  devoted  to  the^ibjectjof 
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the  connection  between  geology  and  the  Bible,  to  meet  the  wants  of 
the  ''many  well-meaning  persons"  w^ho  were  disturbed  by  a  supposed 
incongruity  between  the  principles  of  geology  and  the  Mosaic  narra- 
tive. A  very  abstruse  explanation  of  concretionary  structures  was 
offered,  Adams  failing,  as  did  many  of  his  contemporaries,  to  discrimi- 
nate between  concretionary  structure  as  it  is  now  understood,  and  cer- 
tain forms  assumed  by  igneous  rocks  and  due  to  contraction  in  cooling. 
Thus  he  considered  columnar  structure  in  basaltic  rocks  as  a  peculiar 
form  of  concretion  which  was  due  to  lateral  pressure  such  as  might 
exist  between  spheres  compressed  at  the  sides. 

Agassiz's  glacial  theories  had  been  apparently  without  effect,  even  if 
they  were  known,  and  icebergs  were  considered  as  sufficient  to  account 
for  all  the  phenomena  of  the  drift. 


Fig.  87.— Ideal  section  of  the  Crost  of  the  Earth.    (After  C.  B.  Adams.) 

Explanations.— Unstratifled  rocks  of  igneous  origin:  G,  granite;  Sn,  seinite;  Pr,  porphyry;  Tp.  trap 
rocks;  Td,  a  trap  dyke;  L,  hiva,  with  a  volcano,  c  c  being  fissures  through  which  the  water  of  the 
ocean  penetrates  to  the  melted  lava  by  its  conversion  into  steam,  causing  earthquakes  and  erup- 
tions, stratified  rocks  (represented  by  parallel  lines)  of  aqueous  origin:  Pr  8,  primary  strata;  Tr, 
palaeozoic  rocks,  or  the  oldest  rocTcs  which  contain  the  remains  of  animals  and  plants;  Sec,  second- 
ary rocks;  Tt,  tertiary  strata;  D,  the  superficial  covering  of  sand,  gravel,  and  loose  stones,  called 
"drift." 

In  1847,  the  year  before  the  closing  of  the  surv^ey,  Adams  had 
accepted  a  professorship  at  Amherst,  and  in  1853,  in  conjunction  with 
Alonzo  Gray,  published  as  a  text-book  an  Elements  of  Geology,  a 
duodecimo  volume  of  350  pages.  Here  his  geological  work  seems  to 
have  ceased.  Indeed,  from  the  date  of  the  abandonment  of  the  State 
survey  he  devoted  himself  mainly  to  zoology,  and  particularly  to 
concholog}^  making  large  collections  especially  rich  in  West  Indian 
and  Central  American  forms.  While  at  St.  Thomas,  on  one  of  his 
collecting  trips,  he  contracted  yellow  fever,  from  which  he  died  in 
1853.  He  is  described  as  a  man  of  sturdy  build,  medium  height,  with 
large,  black  eyes  and  black  hair.  A  man  of  tremendous  physical 
endurance,  knowing  neither  fear  nor  what  it  was  to  be  tired;  but, 
withal,  a  quiet  and  self-contained  demeanor. 

Thompson,  Adams's  chief  assistant,  is  represented  to  us  as  a  man 
poor  in  this  world's  goods  as  well  as  in  general  health,  and  modest 
almost  to  a  fault— one  who  from  childhood  had  shown  a  passion  for 
writing  books.  His  first  publications  were  almanacs,  which  he  him- 
self sold  while  traveling  on  foot  about  the  country.     It  is  told  of  him 
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that  when  at  one  time  interrupted  by  his  clerk  with  an  inquiry  as  to 
the  prediction  that  should  be  made  in  the  forthcoming  issue  for  the 
weather  for  July,  he  replied  somewhat  testily,  "Say 
ThSS^^**"  'Snow  about  this  time."'  80  it  stood  in  the  printed 
almanacs,  as  issued  from  the  press,  and,  to  the  aston- 
ishment of  all,  including  both  printer  and  author,  snow  did  fall  in 
Vermont  that  year  in  the  month  of  Jul3\ 

The  industry  of  the  man  was  remarkable.  He  graduated  from  the 
University  of  Vermont  at  the  age  of  27.  He  published  an  arithme- 
tic, a  geography  and  map  of  Canada  for  use  in  the  common  schools; 
became  in  1832  editor  of  the  Green  Mountain 
Repository;  wrote  a  history  of  Vermont, 
which  appeared  the  same  year;  studied  theol- 
ogy, and  took  deacon's  orders  in  the  Protes- 
tant Episcopal  Church  in  1836..  He  preached 
for  a  time  and  returned  once  more  to  his 
book  writing,  first  publishing  in  three  vol- 
umes a  Natural,  Civil,  and  Statistical  History 
of  Vermont;  then  a  text-book  on  the  Geol- 
ogy and  Geography  of  Vermont;  finally 
becoming  an  assistant  to  Professor  Adams 
on  the  State  survey  in  1845,  when  his  goo- 
logical  work  really  began. 

''Tall,  angular,  of  a  very  quiet  and  sedate,         f.g.  38.-zud<K:k  Th(,mu«,n. 
yet  very  pleasant,  manner,  a  man  of  most 

amiable  and  sweet  temper,  loved  by  all  who  knew  him,  and  respected  for 
his  sound  sense  and  accurate  judgment."  Such  is  the  picture  given  us 
of  him,  who  certainly  was  Que  of  the  most  remarkable  men  of  his  times 
although  his  name  may  not  stand  the  highest  in  the  annals  of  geology. 

Under  the  caption  of  ''  Description  of  a  singular  case  of  dispersion 
of  blocks  of  stone  connected  with  the  drift  in  Berkshire  County, 
Massachusetts,"  Dr.  Edward  Hitchcock  described  in  the  American 
Hitchcock'*  Journal  of  Science  for  1845  a  remarkable  train  of  gla- 

gjJgJJjJjJ'gJ^jJS^  cial  bowlders  extending  from  P>y's  Hill  in  the  Canaan 
Train,  1845.  Mountains,  of  New  York,  southeasterly  into  Massa- 

chusetts for  a  distance  of  some  15  or  20  miles. 

The  lithological  nature  of  the  bowlders  was  such  that  they  could  all 
be  traced  to  a  common  source,  though  described  as  forming  three 
somewhat  meandering  trains  extending  from  Fry's  Hill  above  men- 
tioned, through  the  adjoining  valley,  and  upward  over  an  elevation  of 
800  feet  at  the  State  line,  across  the  Richmond  Valley  and  over  Len- 
nox Mountain,  600  feet  in  height,  to  and  over  Beartown  Mountain, 
1,000  feet  in  height. 

Naturally,  so  striking  a  phenomenon  excited  investigation,  and, 
naturally,  too,  Doctor  Hitchcock,  in  the  then  existing  condition  of 
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knowledge  regarding  glacial  transportation,  found  difficulty  in  account- 
ing for  the  same.  He  recognized  the  .similarity  of  the  trains  to  the 
lateral  glacial  moraines  descril)ed  by  Agassiz  in  his  Etudes  sur  len  Gla- 
ci^8^  which  had  appeared  five  years  previously,  but  could  not  con- 
ceive of  a  glacier  traveling  directly  across  the  intervening  ridges,  even 
were  the  mountains  in  the  vicinity  of  sufficient  altitude  to  give  rise  to 
the  same.     Neither  did  the  consideration  of  river  drift  or  floating  ice 

afford  him  a  satisfactory 
conclusion.  ''In  short, 
I  find  so  many  difficul- 
ties on  any  supposition 
which  I  may  make  that 
I  prefer  to  leave  the  case 
unexplained  until  more 
analogous  facts  have 
been  observed." 

Unsatisfactory  and  ap- 
parently unimportant  as 
the  paper  may,  at  first 
thought,  seem,  it  is  men- 
tioned here  on  account 
of  the  extraordinary  ex- 
planation of  the  phe- 
nomenon offered  bj^  the 
Rogers  brothers  three 
years  later  (see  p.  403). 
In  the  American  Jour- 
nal of  Science  for  1845 
W.  W.  Mather,  whose 
work  in  New  York  and 
Ohio  has  been  already 
mentioned,  published  a 
paper  on  the  physical 
geography  of  the  United  States  in  which  he  still  further  elaborated 
some  of  the  interesting  and  rather  unique  ideas  regarding  the  origin 
of  the  secondar}'  rocks  and  the  elevation  of  islands, 
continents,  and  mountain  chains  which  he  there  put 
forth.  These  may  be  referred  to  in  considerable  dettiil. 
Mather  again  argned  on  the  basis  that  the  earth  is  a  cooling  body, 
contnicting,  and  hence  undergoing  an  increased  velocity  of  rotation 
upon  \{s  axis.  The  oblateness  of  its  spheroidal  form,  due  to  the 
increase  of  centrifugal  force,  would  therefore  induce  a  flow  of  water 
from  the  polar  to  the  tropical  regions,  and  as  the  earth  revolved  from 
west  to  east  these  currents  from  the  poles  would  bend  more  and  more 


Fio.  39.— Richmond  Bowlder  Train.     (After  E.  HiUhc<K;k.) 


Mather  on  the 
Physical  Geology  of 
the  United  SUtes, 
1845. 
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to  the  westward  as  they  advanced  to  lower  latitudes.  On  the  other 
hand,  the  water  in  the  Tropics,  being  gradually  expanded  through 
heat,  would  tend  to  flow  off  toward  the  polar  regions. 

These  currents  he  regarded  as  having  acted  throughout  all  the  time 
since  the  ocean  occupied  its  present  bed,  and  to  them  he  would  ascribe 
the  mechanical  distribution  of  many  of  the  sediments  making  up  the 
Secondary  rocks.  Considering  only  those  currents  that  constitute  the 
Equatorial,  the  Gulf  Stream,  and  the  Labrador  Current  in  the  Atlantic, 
he  thought  to  show  that  the  materials  constituting  the  immense  mass 
of  sedimentary  rocks  between  the  primary  ranges  north  of  the  Great 
Lakes  and  the  Gulf  of  Mexico,  and  between  the  Blue  Ridge  and  the 
Rocky  Mountains,  were  deposited  within  the  great  eddy  due  to  their 
interference. 

The  red  sandstone  formations  extending  from  Carolina  to  Stony 
Point  on  the  Hudson  he  believed  to  have  been  formed  through  the 
transporting  power  of  the  Gulf  Stream,  its  northward  extension  hav- 
ing been  cut  off  by  a  polar  current  flowing  through  the  Champlain 
and  Hudson  River  valleys.  The  loosely  consolidated  material  now 
classed  as  glacial  drift  he  seemed  also  to  regard  as  having  been  trans- 
ported and  deposited  through  the  same  agency.  The  coal  beds  of  the 
eastern  and  central  portions  of  the  United  States  he  regarded  as  formed 
at  the  bottom  of  the  ocean  in  which  great  eddies  occurred,  and  where 
plants  brought  from  the  Tropics  and  other  sources  would  float  and  circle 
about  until  they  sank.  He  noted  that  these  beds  were  based  upon  a 
sandstone  which  at  the  outcrop  of  its  edges  on  the  coal  basins  was 
much  coarser  and  sometimes  a  conglomerate  or  coarse  pudding  stone, 
while  through  the  center  of  the  basins  it  was  much  finer.  This  fact 
denoted  to  his  mind  a  stronger  current  on  the  exterior  of  the  coal  basins 
than  within  its  area. 

Concerning  the  regions  over  which  the  polar  currents  were  supposed 
to  have  flown,  and  from  whence,  as  a  consequence,  were  derived  the 
materials  for  the  sedimentary  rocks,  he  could  say  little  from  actual 
observation.  Drawing  for  his  materials  mainly  on  the  writings  of 
travelers,  though  acknowledging  that  such  might  be  faulty,  he  never- 
theless pictured  a  scene  of  barrenness  of  the  entire  region  north  of  the 
St.  Lawrence  and  Great  Lakes  and  from  Newfoundland  to  the  Stony 
Mountains  such  as  is  equaled  only  by  that  given  by  H.  H.  Hayden  in 
his  attempt  to  account  for  the  deposits  of  the  coastal  plain  (p.  256). 

Although  the  quotations  from  travelers  lack  that  accurate  examination  that  is  nec- 
essary to  a  detennination  whether  the  surfaces  thus  descril)e(l  have  been  exposed  to 
the  action  of  violent  and  long-continue<i  currents,  yet  they  have  their  weight.  When 
considered  in  connection  with  the  effects  of  known  physical  causes,  it  is  rendered 
more  than  probable  that  the  currents  under  consideration  have  flowed  from  the 
polar  regions  toward  the  equator  and  from  the  Tropica  toward  the  poles  when  this 
continent  was  l)eneath  the  ocean,  and  that  the  matter  which  composed  the  deposits 
of  the  sedimentary  rocks  of  the  United  States  was  washed  away  by  these  great  equi- 
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libriatin^  currents  from  the  bed  of  the  ocean,  from  reefs,  islands,  and  coasts,  and 
finally  deposited  from  suspension  over  the  great  area  where  we  now  find  it  exposad 
to  observation.  ^ 

The  probable  cause  of  the  elevation  of  the  land  he  thought  to  be 
secular  refrigeration  accompanied  by  contraction,  whereby  a  gradually 
accumulating  tension  was  finally  overcome  by  a  yielding  of  the  solid 
strata,  such  being  regarded  as  paroxysmal  and  productive  of  earth- 
quakes. At  the  same  time  a  sudden  increase  of  the  velocity  of  the 
earth's  rotation  would  result,  and  this  in  turn  would  increase  the  flow 
of  the  ocean  currents  above  mentioned. 

In  attempting  to  account  for  the  overturned  character  of  the  folds 
in  the  mountain  chains  of  the  eastern  United  States,  he  seems  to  have 
actually  outdone  the  Rogers  brothers  in  fecundity  of  ideas.     He  wrote: 

Paroxysmal  elevation  and  the  action  of  inertia  offer  a  satisfactory  explanation  of 
the  folded  axes  and  eastwardly  dip.  Suppose  the  sudden  elevation  of  a  mountain 
mass  one  nule  in  height,  or  more  distant  from  the  axis  of  n)tation  than  it  was  l»efore 
its  elevation.  It  would  still  retain  the  linear  velocity  it  had  when  a  mile  nearer  the 
axis  of  rotation,  w'hile  the  proper  linear  velocity  at  this  increased  distance  would  l>e 
•■*  •  \y  ■'  miles,  or  690  feet  greiiter  per  hour  than  that  which  it  had'1>efore  its  elevation. 
Inertia  woul<l  therefore  cause  the  mass  at  the  top  to  press  to  the  westward  with  a 
force  proiM^rtional  to  its  maRs  and  the  above-mentione<l  velocity,  and  at  intermediate 
heights  with  a  proportionally  less  momentum,  if  the  stratii  l)e  capable  of  jaelding, 
they  nuist,  when  elevate*!  in  highly  curve<l  wrinkles,  tend  to  fall  over  westward  as  a 
(u)nsequence  of  the  intinence  of  inertia  an<l  the  revohiticm  of  the  earth  from  west  to 
east  on  it«  axis. 

Such  a  view  from  a  man  of  Mather's  training  and  at  this  late  date 
certainly  seems  extraordinar3^ 

Commenting  further  on  the  effects  of  centrifugal  force,  particularly 
upon  bodies  of  different  densities,  he  argued  that  as  such  is  greatest 
under  the  equator,  any  subterranean  force  tending  to  elevate  portions 
of  the  earth's  surface  by  their  elastic  tension  would  here  be  most 
effective.  In  this  way  he  would  account  for  the  supposed  fact  that 
most  of  the  highest  mountains  are  found  within  the  Tropics.  Reason- 
ing along  the  same  lines,  he  conceived  it  possible  that  fractures  might 
be  expected  to  develop  in  the  direction  of  circles  parallel  to  the  equator 
at  a  distance  intermediate  between  it  and  the  poles,  where  the  curva- 
ture resulting  from  the  revolution  of  the  earth  would  be  greatest. 

In  continuation  of  his  work  begun  in  1832.  T.  A.  Conrad  in  1845  issued 

his  volume  on  the  Medial  Tertiary  lormaVions,  the  general  plan  of  the 

work  conforming  closely  to  those  which  we  have  already  considered 

(pp.  306,  320,  and  354).     In  this  latter  work  he  de- 

Conrad's  Medial  ^^  ^,  ',  '  .  ,     ,.  . 

Tertiary  of  North       scribcd  thcsc  formations  as  occupying  a  shallow  but 

America,  1845.  .  ,  .         •        ,       ^V  i  i 

very  extensive  depression  in  the  Cretaceous  rocks,  the 
most  northern  locality  known  being  Cumberland  County,  New  Jersey, 
whence  it  extended  southward  in  a  very  connected  series,  spreading 
out  over  a  large  portion  of  the  Atlantic  seaboard. 
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The  nature  of  the  country,  its  strata,  and  fossils  were  described  in 
detail.  The  most  interesting  part  of  the  paper,  from  our  standpoint, 
lies  in  his  remarks  on  the  theory  of  elevation  and  the  age  of  the 
deposits.  He  regarded  the  formation  of  each  Tertiary  division  and 
the  final  annihilation  of  its  fauna  as  a  very  gradual  operation,  taking 
place  in  quiescent  waters  and  having  no  connection  with  volcanic 
agencies  or  anj"  violent  movements  of  the  earth's  crust,  but  merely 
depending  on  changes  of  temperature. 

In  discussing  the  eflFects  of  these  temperature  changes  he  showed 
some  peculiar  ideas  regarding  the  conductivity  of  rock  masses  and  the 
eflFects  of  cooling.  The  cold  penetrating  deep  into  the  igneous  rocks 
beneath  the  §^urface,  he  thought,  would  result  in  a  ntaximum  amount 
of  crystallization  and  expansion,"  producing  thereby  a  slight  eleva- 
tion of  the  crust.  Since  the  cold  penetrated  gradually,  he  argued  that 
the  elevation  would  also  be  gradual,  more  appreciable,  of  course,  dur- 
ing epochs  of  unusual  cold.  In  brief,  crustal  elevation,  he  would 
have  us  believe,  was  induced  not  by  volcanic  agency,  but  by  ''the  all- 
powerful  and  pervading  influence  of  crystallization  in  the  primary 
rocks."  In  this  he  followed  what  he  calls  the  "sublime"  theory 
advanced  by  Vanuxem.  The  idea  that  the  abrupt  change  in  the  char-, 
acter  of  the  animal  life  at  the  close  of  each  geological  epoch  by  a  sud- 
den fall  of  temperature  was,  however,  avowedly  the  theory  of  Agassiz. 

In  connection  with  work  pertaining  to  the  Liberiau  Colonization 
Society,  in  1845-1848,  David  Christy  traveled  extensively  throughout 
the  eastern  and  middle  United  States.  Being  a  man  of  active  mind 
David  Christy's  and  with  a  lovc  for  the  sciences,  he  made  many  geo- 
obsM^ations,  logical  observations  which  were  first  embodied  in  a 

t  H^%mt  UAH 

series  of  letters  to  Dr.  John  Locke  and  published  in 
the  Cincinnati  Gazette.  These  were  afterwards  issued  (in  1848)  in 
pamphlet  form,  some  70  pages,  with  5  plates  of  fossils  and  three  geo- 
logical sections:  the  first  from  Mine  La  Motte  and  Pilotknob,  Mis- 
souri, to  Hollidaysburg,  Pennsj'lvania;  the  second  from  Lake  Erie  to 
Pensacola  Bay,  and  the  third  from  Richmond,  Indiana,  through 
Oxford,  Ohio,  to  Beans  Station,  Tennessee. 

It  is  impossible  to  say  what  portion  of  the  information  given  in 
these  letters  can  be  claimed  to  be  strictly  the  result  of  original  inves- 
tigation or  observation.  As  stated  by  Ijocke  in  his  introductory  note, 
he  '*  referred  the  geological  formations  to  the  Blue  Limestone  of  Cin- 
cinnati as  a  kind  of  zero,  informing  us  whether  the  rocks  at  any  place 
are  above  or  below  that  zero."  Locke  further  states  that  he  knew  of 
''no  other  individual  who  has  actually  drawn  approximate  sections  of 
the  strata  from  the  Atlantic  to  Iowa  and  from  Lake  Erie  to  the  Gulf 
of  Mexico;  most  of  this  work  being  the  result  of  his  own  observations." 

In  a  letter  addressed  to  M.  de  Verneuil   in   1847,   relative  to  the 
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erratic  rocks  of  North  America,  Christy  showed  himself  to  have  been 
a  catastrophist.  He  believed  that  there  had  been  two  periods  of  ele- 
vation of  the  land  in  the  history  of  the  continent,  with  an  intervening 
submergence.  The  second  and  last  emergence  he  regarded  as  having 
been  rapid  and  to  have  given  rise  to  the  swift  currents  which  were 
instrumental  in  producing  the  drift. 

In  the  spring  of  1846,  A.  Wislizenu«,  a  "German  by  birth  and  an 
American  by  choice,"  left  St.  Louis,  Missouri,  with  the  intention  of 
making  a  tour  through  northern  New  Mexico  and  upper  California 
for  tbo  purpose  of  examining  into  the  googmphy  and 
general  natural  history  of  the  country.  ITnfortii- 
initely  for  his  intentions,  war  between  the  United 
States  and  Mexico  broke  out  while  he  was  within  the  jurisdiction  of 
the  Mexican  Government,  and  he  was  compelled  t<^)  remain  within  the 
State  of  Chihuahua  for  a  period  of  six  months  or  until  the  arrival  of 

the  American  troops,  when  he  accepted  a 
position  in  the  medical  department  and  re- 
turned with  it  by  way  of  Monterey  tb  the 
States. 

His  oi)portunities  for  observation  were, 
naturally,  much  less  than  was  at  first  antici- 
pated, and  his  geological  report,  amounting 
to  but  five  pages,  was  published  as  a  part  of 
Senate  Miscellaneous  Document  No.  26  of 
the  thirtieth  Congress,  first  session.  In  this 
I'eport  he  noted  that  the  blutts  on  the  Arkan- 
sjis  some  Ml  miles  from  Independence  were 
of  a  grayish  conglomerate  limestone,  con- 
taining fossils  which  '\seemed  to  belong  to 
the  Cretaceous  formation.""  Near  Las  Ve- 
gas he  found  a  dark  blue  limestone  with  casts  of  Inocerainu^^  which 
were  also  relegated  to  the  Cretaceous  series.  Near  El  Paso  he  noted 
the  presence  of  a  limestone  containing  the  fossil  coral  Calamopora  and 
the  bivalve  shell  of  tlie  genus  IHertnea^  which,  as  a  consequence,  he 
considered  as  belonging  to  the  Silurian  formation.  The  presence  of 
numerous  eruptive  rocks  were  noted  and  an  outline  map  published, 
in  which  the  lithological  nature  of  the  rocks  was  indicated.  The  map, 
it  should  be  noted,  comprised  the  area  lying  between  the  Arkansas 
and  the  Kio  (irande  rivers,  but  extended  south  and  west  of  the  latter 
as  far  as  Monterey  and  Chihuahua. 

The  fine  silt-like  character  of  the  superficial  deposits 
ulJiS^MTr"     ^>f  the  Mississippi  Valley  had  frequently  been  noted  by 
the  various  geologists  who  passed  over  the  region,  but 
it  remained  for  Amos  Binney,  the  conchologist,  to  give  the  first  rea- 
sonably satisfactory  account  of  its  probable  origin.     At^  meeting  of 
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the  Boston  Society  of  Natural  History  in  April,  1846,  Binney  exhibited 
a  collection  of  fossil  shells  from  the  so-called  Bluff  formation  at 
Natchez,  on  the  Mississippi,  and  announced  the  belief  that  the  forma- 
tion was  analogous  to  the  Loess  of  the  Rhine  Valley  and  a  result  of 
fluviatile  action  rather  than  attributable  to  the  glacial  drift. 

In  1847  J.  D.  Dana,  who  from  the  beginning  of  his  career  had  shown 
a  disposition  and  ability  to  grasp  the  broader,  more  profound  ques- 
tions of  geology,  came  forward  with  two  papers  which  were  beyond 
^^^  question  the  most  important  of  the  year.*   The  first  of 

Oeoiofficai  Resuiu  of  thesc  had  to  deal  with  the  ereolosrical  results  of  the 

theBarth't  *  ,. 

Contraction  and  the   earths    contraction   m   consequence   of   cooliner    and 

Grand  OntHne  .iii  i7  -,  ., 

FeaturMof  the  mvolved  the  acceptation  on  his  part  of  the  prevailing 
theory  that  the  earth  was  once  in  a  condition  of  igne- 
ous fluidity.  After  a  full  discussion  of  the  subject  and  the  views  held 
by  others,  Dana  announced  it  as  his  belief  that  the  now  oceanic  areas 
were  at  one  time  the  most  intensely  heated  portions  of  the  crust,  and 
had,  therefore,  on  cooling  undergone  the  greatest  amount  of  contrac- 
tion, and  that,  further,  the  mountain  mnges  and  main  fissures  along 
the  oceanic  borders  are  due  to  this  same  contraction.  Such  a  theory, 
he  felt,  did  away  with  the  almost  preposterous  though  prevalent  idea 
that  continents  and  mountains  have  been  lifted  up  by  a  force  acting 
from  beneath,  a  force  which  could  not  be  satisfactorily  located  and 
accounted  for;  a  theory  which  would  not  account  for  the  mountains 
retaining  their  positions,  even  did  it  offer  satisfactory  explanation  for 
their  first  production. 

He  showed,  further,  that  the  folding  and  faulting  of  the  strata  as 
described  by  the  Rogers  brothers  in  Virginia  and  Pennsylvania  could 
be  readily  accounted  for  on  the  theory  of  a  force  acting  laterally,  and 
that  such  folds  would  have  their  steepest  incline  on  the  side  farthest 
from  the  source  of  movement  and  would  also  be  most  abrupt  nearest 
this  source.  The  fact  that  such  results  were  not  in  all  cases  uniform, 
he  conceived  as  being  due  to  variation  in  the  thickness  of  the  beds,  to 
a  want  of  uniformity  in  the  materials,  and  inequality  in  the  action  of 
the  force  upOn  the  different  parts  of  the  line  along  which  it  operated. 

The  geological  epochs  were  regarded,  as  announced  in  this  same 
paper,  as  perhaps  due  to  the  alternation  of  prolonged  periods  of  quiet 
with  those  of  more  or  less  abrupt  change,  due  to  contraction.  The 
idea  that  mountains  might  be  produced  by  tides  and  paroxysmal  move- 
ments beneath  the  crust  (as  advocated  by  H.  D.  Rogers)  was  set  aside 
on  the  ground  that  such  should  have  occurred  at  earlier  periods,  and, 
further,  it  would  not  account  for  the  principal  ranges  in  the  es^t  and 
w^est  of  the  continent.  In  many  of  the  views  he  here  advanced  Dana 
agreed  with  those  previously  advanced  by  the  French  geologist  Prevost. 

In  the  second  paper  referred  to,  on  the  Grand  Outline  Features  of 
the  Earth,  Dana  argued  "  that  the  great  chain  of  mountains, ^s  well|as 
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of  islands,  are  interrupted  ranges  consisting  of  overlapping  lines, 
either  straight  or  curved,  and  that  curves  constitute  an  essential  feature 
of  the  system."  He  showed  that  throughout  the  system  of  outlines 
presented  by  the  earth  northwest  and  northeast  lines  are  prevalent, 
and  that  these  lines  are  usually  curved,  instead  of  conforming  to  the 
direction  of  a  great  circle.  He  apparently  accepted  the  theory  that 
the  course  of  mountain  ranges,  islands,  and  coast  lines  is  attributable 
to  the  courses  of  former  fissures  in  the  earth's  surface,  and,  in  discuss- 
ing the  electrical,  contractional,  and  other  theoretical  causes,  suggested 
that  if,  as  claimed,  curves  of  magnetic  intensity  on  the  earth's  surface 
are  approximately  isothermal  lines,  they  must  also  be  lines  of  equal 
cooling  and  hence  of  equal  contraction  and  tension.  But  whatever 
may  have  been  the  origin  of  the  fissures,  he  thought  there  could  be  no 
doubt  but  that  a  kind  of  cleavage  structure,  or  at  least  capability  of 
fracturing  easily  in  two  directions,  was  given  the  crust  during  its 
formation. 

The  conclusions  which  appear  to  flow  from  the  facts  that  have  been  presented  are 
as  follows: 

That  the  general  direction  and  uniformity  of  the  grand  outline  features  of  the  globe 
may  be  in  a  great  degree  the  simple  effects  of  the  earth's  cooling,  this  operation 
n»8ulting  in  (1)  solidification,  and  under  the  circumstances,  whatever  they  were,  an 
attendant  jointed  structure  or  courses  of  easiest  fracture,  in  two  directions  nearly  at 
right  angles  with  one  another,  both  varying  according  to  the  rates  of  cooling  in  dif- 
ferent parts;  and  (2)  occasioning  tension  in  the  crust  through  the  contraction  going 
on  l)eneath,  with  some  relation  to  circular  areas,  but  es{)ecially  to  large  compound 
areas,  which  tension  cause<l  ruptures  conforming  or  not  to  the  lines  of  jointed  struc- 
ture according  as  the  force  of  tension  acted  in  at^cordance  with  this  structure  or 
obliquely  to  it.  (8)  The  age  of  mountains  can  not,  therefore,  be  determined  neces- 
sarily by  their  courses;  a  different  direction  in  a  parti(rular  region  in  different  ages  is 
not  improbabh^,  since  the  same  contracting  area  might  exert  its  horizontal  force  in 
somewhat  different  directions  at  different  epochs,  or  other  such  areas  might  cooperate 
and  exert  a  modifying  influence;  and  at  the  same  time  an  identity  of  direction  for 
different  ages  was  to  have  been  exi)ected. 

Prof.  James  D.  Dana  was  ))orn  in  Utica,  New  York,  in  1813,  and  was, 

therefore,  practically  contemporaneous  with  James  Hall.    He  became  a 

student  of  Professor  Silliman's  in  1830  at  Yale  College,  leaving  in  1833, 

somewhat  in  advance  of  gmduation,  to  avail  himself 

Sketch  of  J.  D.  Dana,  of  an  offcr  to  cruisc  in  the  Mediterranean,  as  instructor 

in  mathematics  to  the  midshipmen  in  the  Navy. 

The  first  paper  in  his  bibliography  was  published  in  1835  and  gave 
an  account  of  Vesuvius  as  seen  by  him  during  this  trip  in  1834.  In 
1836  he  returned  to  New  Haven,  remaining  for  two  years,  the  latter 
part  of  the  time  as  assistant  to  Professor  Silliman.  It  was  during  this 
time,  scarcoh^  four  years  after  his  graduation  and  when  but  twenty- 
four  years  of  age,  that  he  brought  out  his  first  System  of  Mineralogy, 
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a  volume  of  580  pages,  and  a  most  remarkable  work  for  the  time  and 
the  conditions.^ 

From  1839  to  1842  Professor  Dana  served  as  geologist  and  mineralo- 
gist on  the  Wilkes  Exploring  Expedition,  and  for  the  first  thirteen 
years  after  his  return  devoted  his  chief  energies  to  the  study  of  the 
material  collected  on  the  expedition  and  to  the  preparation  of  his 
reports,  of  which  two— the  volume  on  geology,  756  pages,  5  maps, 
and  21  plates  (1849),  and  the  one  on  crustaceans,  1,620  pages,  with  an 
atlas  of  96  plates  (1854)— are  monumental.  His  labors,  however,  were 
not  limited  to  the  reports,  for  during  the  same  period  he  prepared  and 
issued  three  editions  of  the  System  of  Mineralogy  (1844,  1850,  1S54) 
and  two  editions  of  the  Manual  of  Geology  (1848,  1857),  besides  writ- 
ing numerous  papers  for  scientific  periodicals. 

In  1846  Mr.  Dana  became  an  editor  of  the  American  Journal  of 
Science,  associated  with  Prof.  Benjamin  Silliman,  who  had  founded  it 
wenty-eight  years  before.  His  labors  in 
connection  with  the  Journal  continued  until 
the  close  of  his  life.  In  1850  he  was  ap- 
pointed professor  of  natural  history  in  Yale 
College,  and  in  1864  the  title  was  changed 
to  that  of  professor  of  geology  and  miner- 
alogy. His  duties  as  instructor,  however, 
he  did  not  take  up  until  1855,  but  after  this 
date,  with  some  interruptions  due  to  ill 
health,  his  active  connection  with  the  college 
continued  until  1890.  It  is  perhaps  well  to 
add  that  just  before  his  appointment  to 
Yale  in  1850  he  had  been  invited  to  a  simi- 
lar position  at  Cambridge,  Massachusetts, 
in  connection  with  Harvard  College,  but  by 

the  prompt  action  of  a  generous  friend  in  the  Yale  faculty  in  provid- 
ing the  necessary  funds  he  was  induced  to  remain  in  New  Haven  and 
accept  the  "Silliman  Professorship." 

In  1859  long-continued  overwork  brought  a  breakdown  of  seriouH  ciiaracuir  and 
from  which  he  never  fully  recovered,  and  although  later  Home  degree  of  health  came 
back,  he  was  always  subject  to  the  severest  limitations  until  the  end  of  his  life.  Only 
those  immediately  associated  with  him  could  appreciate  the  inexorable  character  of 
these  limitations  and  the  self-denial  that  was  involved,  not  only  in  restricting  work 
and  mental  effort,  but  also  in  avoiding  intercourse  wnth  other  men  of  science  and 
friends  in  general,  in  which  he  always  found  the  greatest  pleasure.     Little  by  little 


Fig.  41.— James  Dwight  Dana. 


a  The  "System"  has  now  gone  through  six  editions,  though  after  1868  the  work 
was  done  mainly  and  finally  wholly  by  his  son,  Prof.  E.  S.  Dana,  now  professor  of 
Physics  and  Curator  of  the  Mineralogical  Collection  in  the  same  university.  The 
last  edition,  that  of  1892,  comprises  1,104  royal  octavo  pages  with  over  1,400  figures 
in  the  text. 
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the  power  for  work  was  restored  au(i  by  husbanding  his  strength  so  much  was  accom- 
plished that,  besides  other  writing,  he  was  able  to  bring  out  in  1862  the  first  edition 
of  his  Manual  of  Geology,  and  in  1864  the  Text-book  of  Geology,  and  four  years  later 
his  last  and  most  important  contribution  to  mineralogy,  the  fifth  edition  of  the 
** System."  This  last  great  labor,  extending  over  four  years,  was  follow^ed  by  a 
turn  of  ill  health  of  an  alarming  character  and  from  which  restoration  was  again 
very  slow. 

The  years  that  immediately  followed  were  filled  with  the  same  quiet  labor,  geo- 
logical investigations  in  the  field,  the  writing  of  original  papers  and  books,  the 
editorial  work  of  the  Journal,  and  his  duties  as  a  college  instructor. 

The}'  were  remarkably  productive  years,  notwithstanding  the  diffi- 
culties contended  against,  notably  his  renewed  illness  in  1874  and  1880. 
A  large  number  of  important  papers  were  published,  chiefly  in  the 
Journal.  New  editions  of  the  Manual  of  Geology  were  issued  in 
1874,  1880,  and  1896;  of  the  Text-book  in  1874  and  1883;  while  a  new 
geological  volume  called  The  Geological  Story  Briefly  Told  was  issued 
in  1875,  and  one  on  the  Characteristics  of  Volcanoes  in  1890,  after  his 
second  visit  to  the  island.  A  second  edition  of  his  book  on  Corals  and 
Coral  Islands,  the  first  edition  of  which  appeared  in  1872,  was  also 
brought  out  in  1890. 

But  it  was  not  as  an  investigator  and  writer  only  that  Dana  achieved 
success.  As  a  teacher  he  seems  to  have  won  the  respect  and  regard 
of  all  with  whom  he  came  in  contact,  and  to  have  left  on  the  minds  of 
students — even  those  who  had  no  taste  for  geology — a  lasting  and 
favorable  impression.  Many  of  his  sayings  in  class  lectures  were 
epigraphic:  "'1  think  it  better  to  doubt  until  you  know.  Too  many 
people  assert  and  then  let  others  doubt."  Again,  "I  have  found  it 
best  to  be  always  afloat  in  regard  to  opinions  on  geology." 

Nor  can  we  regard  him  as  merely  a  geologist.  His  work  on  crus- 
tai*eans,  comprising  1,()20  pages,  with  an  atlas  of  96  plates  (1854), 
shows  that  equal  success  could  have  been  attained  in  the  biological 
field  had  he  chosen  to  follow  it.  The  mental  vigor  and  staying  powers 
of  the  man  were  simply  extraordinary,  and  it  is  not  too  much  to  say 
that  he  stands  out  head  and  shoulders  above  all  his  contemporaries,  if 
not  above  all  who  preceded  him.  His  interest  never  flagged;  no 
problem  was  too  large  for  him  to  grasp,  no  detail  too  small  for  his 
consideration. 

It  would  seem  quite  extraordinary  that  two  men  who  have  done  so 
much  for  American  geology,  whose  work  was  really  epoch  making, 
who,  without  doubt,  excelled  any  geologists  of  their  time  in  ability  to 
H.  D.  and  w.  B.  unravcl  the  difficult  structural  problems  of  any  region, 
Riciimond  filowider  should  havc  been  so  extremely  visionary  in  theoretical 
Train,  1848.  matters.     The  peculiar  ideas  of  H.  D.  Rogers  on  the 

subject  of  the  elevation  of  the  Appalachians  are  elsewhere  referred  to. 
1  wish  here  to  notice  their  equally  extmordinarv  ideas  regarding  the 
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Berkshire  (Richmond)  bowlder  train,  first  brought  to  notice  by  Hitch- 
cock (see  p.  394). 

According  to  the  descriptions  now  given,  the  trains  start,*  each  from 
its  particular  depression  in  the  summit  of  a  high  ridge,  in  Canaan,  New 
York.     Taking  a  direction  S.  35^  E.,  they  cross  the  higher  ridges  and 


Fig.  42.— Sketch  map  of  Richmond  Bowlder  Train.    (After  E.  R.  Benton.) 

their  intervening  valleys,  the  longer  for  a  distance  of  20  miles  and  the 
shorter  for  10  miles.  The  individual  trains  are  neither  of  them  more 
than  300  or  400  feet  in  breadth,  and  not  over  half  a  mile  asunder. 
The  transported  blocks  are  of  all  sizes  up  to  20  feet  in  diameter, 
sharply  angular,  free  from  scratches,  and  all  of  thesame  lithologi^l 
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nature,  identical  with  that  of  the  ridg^  honi  wfcefnc^  they  stdrt.  That 
such  a  dispersion  of  bowlders  from  a  single  point  ^hobld  haVe  takefl 
place  regardless  of  contours  is  certainly  enough  to  felccite  the  interest 
of  anyone.  It  is  the  means  invoked  by  the  two  woi^kers  Which  have 
excited  our  wonder,  however. 

After  exhibiting  to,  their  own  satisfaction  the  inadequacy  of  either 
the  iceberg  or  the  glacial  hypothesis  to  account  for  their  production, 
the  authors,  in  a  paper  before  the  Boston  Society  of  Natural  History 
in  1848,  attempted  to  show  how  all  the  phenomena  might  be  explained 
by  the  theory  of  a  sudden  discharge  of  a  portion  of  the  Arctic  Ocean 
southward  across  the  land.  They  discussed  the  important  functions 
of  the  ''wave  of  translation,"  showed  its  surpassing  velocity  and  great 
propulsive  power,  and  traced  the  influence  of  vehement  earthquakes 
near  the  pole  in  dislodging  the  northern  waters  and  ice  and  maintain- 
ing in  the  rushing  flood  these  vast  and  potent  waves.  They  then  sug- 
gested that,  at  a  certain  stage  of  the  inundation,  the  ice,  previously 
floating  free,  might  impinge  with  irresistible  violence  against  the  tops 
of  submerged  hills,  and  that  the  Canaan  Mountain  stood  precisely  in 
the  position  to  take  the  brunt  of  the  ice-driving  flood  as  it  swept  down 
the  long,  high  slope  of  the  distant  Adirondack  and  across  the  low, 
broad  valley  of  the  Hudson. 

They  then  proceeded  to  show  that,  at  the  instant  when  some  enor- 
mous ice  island  struck  the  crest  of  the  mountain  and  scooped  the 
trench  which  we  there  behold,  a  great  vortex  was  produced  by  the 
obstruction  thus  suddenly  thrown  in  the  path  of  the  current,  which, 
endowed  with  an  excessive  gyratory  or  spiral  velocity,  was  capable  of 
sustaining  and  carrying  forward  the  greater  part  of  the  fragments. 
As  in  the  instance  of  the  water  spout  and  the  whirlwind,  the  whirl- 
pool would  gather  into  the  rotating  colunm  the  projected  blocks  and 
str^w  them  in  a  narrow  path  in  the  line  along  which  its  pendent  apex 
would  drag  the  ground. 

The  paper  terminated  with  an  application  of  this  idea  in  detail,  to 
the  explanation  of  each  important  feature  of  these  trains;  to  their 
deflection  from  a  straight  line;  the  intermission  in  the  bowlders  at  cer- 
tain places  in  the  tmin,  and  the  fact  that  some  of  the  blocks  have  been 
violently  broken  at  the  moment  previous  to  their  final  deposition." 

Truly  there  were  catastrophists  in  those  days. 

We  may  anticipate  here  by  stating  that  at  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  in  1870,  Prof.  J.  B. 


«In  1852  the  English  geologist  Lyell  visited  this  region  in  company  with  James 
Hall,  the  former's  views  on  the  subject  being  published  in  1855  in  the  Proceedings 
of  the  Royal  Institution.  He  regarded  the  hypothesis  of  glacial  transportation  as  out 
of  the  question,  and  apparently  also  that  put  forward  by  the  Rogers  brothers,  for  he 
made  no  mention  of  it.  His  own  idea  was  that  the  large  erratics  had  been  trans- 
ported to  their  present  resting  place  by  floating  coast  ice.  C^ r%nn]c> 
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Prof.  J.  B.  Perry *» 
■"       ,1870. 


Fig.  43.— John  Bulkley  Perry. 


Perry  read  a  paper  on  glacial  phenomena,  in  which  he  referred  to  these 
trains  incidentally,  and  argued  that  they  were  part  of  the  true  glacial 

drift — morainal  material  deposited  by  the  melting  of 

the  ice  sheet  of  the  glacial  epoch. 
Again,  in  1878,  Mr.  E.  R.  Benton  studied  the  trains 
in  considerable  detail,  and  in  the  Bulletin 
of  the  Museum  of  Comparative  Zoology 
published  a  detailed  description  and  map 

of  the  region,  from  which 
fs^g.^*"***"**^'*"'*  ^^^  one  given   herewith  is 

reproduced.  Benton  took 
the  ground  that  the  bowlders  were  de- 
posited by  the  ice  sheet  of  the  glacial 
period  at  the  time  of  its  final  melting, 
the  direction  of  the  strise  on  the  under- 
lying rocks  being  here  essentially  the  same 
as  that  of  the  bowlder  trains.  In  con- 
nection with  his  investigations,  Benton 
wrote  to  Prof.  W.  B.  Rogers  concerning 
the  views  above  advocated  by  him,  and 
received  in  reply  the  letter  from  which  the  following  abstract  is  taken: 

At  that  time  (i.  e.,  when  this  paper  was  written)  paroxysmal  dynamics  had  still 
many  advocates,  and  the  attempted  explanation  may  be  interesting  as  a  specimen  of 
the  bold  type  of  speculation  in  which  some  of  the  early  geologists  sometimes  ventured 
to  indulge.  But,  for  myself,  I  may  say  that  long  years  of  observation  and  study  make 
me  more  distrustful  of  our  knowledge  of  causes  and  more  willing,  in  geology  as  in 
other  things,  to  labor  and  wait. 

It  will  be  remembered  that  in  1844  Michael  Tuomey  was  appointed 

State  geologist  of  South  Carolina,  a  position  which  he  continued  to 

hold  until  his  appointment  to  the  chair  of  geology,  minemlogy,  and 

agricultural  chemistry    in   the    State   University   of 

RcDort^n  the'oeoio^  Alabama. 

1848?^''  ^■^""•*  A  preliminary  report  has  already  been  noted  (p.  387). 

The  final  report  appeared  in  the  form  of  a  volume  of 
293  pages  in  1848.  This,  with  the  exception  of  the  volume  on  the 
fossils  of  South  Carolina,  of  which  he  and  Doctor  Holmes  were  joint 
authors,  was  the  most  systematic  and  pretentious  of  his  publications. 

This  survey,  like  that  of  many  of  its  predecessors  in  other  States, 
was  undertaken  with  a  view  of  developing  the  agricultural  resources 
of  the  State.  The  condition  of  the  public  mind  toward  pure  science 
at  the  time  is  well  reflected  in  the  almost  pathetic  postscript  of  Mr. 
Tuomey  to  his  preface,  in  which  he  simply  states  that,  while  the 
report  was  passing  through  the  press,  he  was  informed  that  the  plates 
containing  figures  of  fossils  had  not  been  considered  essential  by  the 
committee  on  publication  and  were   therefore   omitted.     The  work 
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comprised:  (1)  An  introduction  of  59  page«,  given  up,  as  was  so  often 
the  case  with  these  early  reports,  to  general  geological  considerations 
and  as  applicable  to  any  other  region  as  that  at  hand,  and  (2)  the 
report  proper,  comprising  seven  chapters  (234  pp.)  and  an  appendix 
of  56  pages,  containing  a  catalogue  of  the  fauna  of  the  State.  It  also 
contained  a  geological  map  of  the  State,  the  first  to  be  issued. 

The  introductory  chapters  are  interesting  only  as  reflecting  the  con- 
dition of  geologic  knowledge  at  the  time.  Tuomey  estimated  that  our 
actual  knowledge  of  the  earth's  crust  extends  to  a  depth  of  15  miles, 
measured  from  the  tops  of  the  highest  mountains.  He  adopted  the 
Kant-Laplacean  theory  of  the  origin  of  the  eai*th,  and  recognized 
slaty  cleavage  as  distinct  from  joints  and  stratification,  regarding  it  as 
resulting  ''  from  the  tendenc}^  of  the  simple  component  substances  of 
the  rock  to  arrange  themselves  in  crystalline  forms  at  a  time  when 
the  semifluidity  of  the  mass  permitted  a  certain  degree  of  motion 
among  its  particles.''  The  crystalline  structure  of  the  gneisses  and 
other  metamorphic  rocks  he  regarded  as  resulting  from  a  degree  of 
subterranean  heat  which,  although  intense,  did  not  destroy  the  lines 
of  stratification  or  bedding  which  they  received  at  the  time  of  their 
deposition.  In  his  table  showing  the  order  of  superposition  of 
fossiliferous  rocks,  he  divided  them  into:  (1)  The  Recent  or  post- 
Pliocene  period;  (2)  the  Tertiary;  (3)  the  Newer  Secondary  or  Creta- 
ceous; (4)  the  Middle  Secondary,  including  the  Wealden  and  Lower 
Lias  with  the  intermediate  beds;  (5)  the  Older  Secondary,  including 
the  Triassic;  (6)  the  Newer  Paleozoic,  extending  from  the  Magnesian 
Limestone  or  Permian  down  to  and  including  the  Lower  Carbonifer- 
ous shales;  (7)  the  Middle  Paleozoic,  including  the  Devonian;  and  (8) 
the  New  York  System  of  Upper  and  I^ower  Silurian,  including  the 
Chemung  and  Champlain  Division  and  intermediate  formations. 

In  the  part  of  the  report  relating  to  the  geology  of  the  State  proper 
were  chapters  on  the  character  of  the  surface  rocks,  beginning  with  a 
disciLssion  of  the  granites  and  traps.  Attention  was  called  to  their 
extensive  decomposition,  and  the  production  of  bowlders  through 
decomposition  along  joint  plains  is  described  and  figured.  The  occur- 
rence of  the  flexible  sandstone,  or  itacolumite,  was  noted,  and  it  was 
rightly  remarked  that  '^the  flexible  portions  of  the  rock  seem  to  be  in 
the  incipient  stages  of  disintegration."  The  gold  and  iron  niines 
recciv  ed  a  considerable  share  of  attention,  and  a  map  was  given  show- 
ing in  color  the  deposits  of  magnetic,  specular,  and  limonite  ores,  and 
•  limestone  of  the  York  and  Spartanburg  districts. 

In  the  line  of  purely  physical  local  geology,  perhaps  the  most 
interesting  part  of  the  report  lies  in  his  discussion  of  the  possible  sub- 
sidence of  the  coast  going  on  at  the  present  time.  He  showed,  to  his 
own  satisfaction  at  least,  that  the  presence  of  stumps  of  trees  below 
and  partly  l>elow  the  pres<»nt  sea  level  was  due  to  the  gi*adu|il  under- 
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mining  of  sand  and  mud  flat«  on  which  they  grew  and  the  consequent 
settling  of  the  stumps,  retained  in  an  upright  position  by  their  wide- 
spreading  roots,  and  not  to  a  subsidence  of  the  coast,  as  taught  ))y 
Lyell,  Bartram,  and  later  by  Lieber  and  Cook.^  The  origin  and  nature 
of  the  soils,  the  mining  and  preparation  of  fertilizers,  including  lime 
burning,  the  washing  and  milling  of  gold  ores,  and  kindred  subjects, 
were  touched  upon.  Many  soil  and  fertilizer  analyses  were  given,  the 
latter  and  their  discussion  being  largely  %  Prof.  C.  U.  Shepard,  then 
professor  of  chemistry  in  the  Medical  College  of  the  State,  at  Charles- 
ton.    The  fossils  were  identified  by  Coni^ad  and  Gibbs. 

It  is  but  natural  that  a  considerable  portion  of  the  work  should  be 
given  up  to  a  discussion  and  description  of  the  Tertiary  deposits,  which 
cover  more  than  half  the  area  of  the  State.  Concerning  these  he 
recapitulated  as  follows: 

1.  That  they  are  situated  in  a  vast  depression  in  the  Cretaceous  rooks,  which, 
however,  are  only  visible  on  the  east  and  northeast. 

2.  That  the  Eocene  consists  of  three  well-defined  groups:  (1)  The  Buhr-stone 
formation,  composed  of  thick  beds  of  sand,  gravel,  grit,  clay,  and  buhr-stone,  amount- 
ing to  at  least  400  feet  in  thickness  and  underlying  the  calcareous  beds.  Its  upper 
portions  are  characterized  by  beds  abounding  in  silicified  shells,  for  the  most  part 
identical  with  the  Claiborne  fossils.  As  these  are  littoral  shells,  they  probably 
occupied  the  coast  while  the  Santee  beds  were  forming  in  deep  water.  The  materials 
of  which  this  formation  is  composed  are  the  ruins  of  the  granitic  and  metamorphic 
rocks  of  the  upper  districts,  which  may  often  be  traced  to  their  origin.  (2)  The 
Santee  beds,  consisting  of  thick  beds  of  white  limestone,  marl,  and  greensand. 
These  are  best  seen  on  the  Santee,  where,  interstratified  with  the  greensand,  they 
dip  gently  toward  the  south.  The  coralline  marl  of  Eutaw  is  found  near  the  upper 
edge  of  these  beds.  (3)  The  Ashley  and  Cooper  beds,  which  are  the  newest  Eocene 
beds  of  the  State.  The  marl  of  these  is  characterized  by  its  dark  gray  color  and 
granular  texture,  while  the  remains  of  fishes  and  mammalia  give  it«  fossil  remains  a 
peculiar  character  and  leave  no  doubt  of  the  position  assigne<l  it — at  the  top  of  the 
Eocene  series.  These,  together  with  the  Santee  beds,  must  amount  at  least  to  a 
thickness  of  600  or  700  feet. 

3.  That  although  these  strata  contain  throughout  characteristic  Eocene  fossils,  yet 
they  also  inclose  some  Cretaceous  forms. 

4.  That  the  Middle  Tertiar}'  of  the  State,  composed  of  Ijeds  of  sand  and  marl, 
highly  fossil  if erous,  is  scattered,  like  similar  beds  in  other  places,  over  the  Eocene 
and  Cretaceous  formations  in  isolated  patches.  That  the  proi)ortion  of  rei^ent  si)ecies 
increases  toward  the  south,  and  that  the  extinction  of  species  seems  to  proceed  in 
that  direction,  as  is  proved  by  the  fact  that  the  recent  forms,  which  are  also  fossil, 
belong  to  a  more  southern  fauna,  there  being  but  one  or  two  exceptions. 

5.  That  in  South  Carolina  the  proportion  of  recent  species  in  this  formation  amounts 
to  40  per  cent.     I  have,  therefore,  referred  it  to  the  older  Plio<»ene. 

6.  That  the  post-Pliocene  is  confined  to  a  belt  along  the  coast  of  about  8  or  9 
miles  in  breadth.  The  fossils  are  nearly  aW  referable  to  living  species  now  inhabit- 
ing the  coast;  a  few,  however,  Wong  to  the  fauna  of  Florida  and  the  West  Indies. 
An  elevation  of  the  coast  has  taken  place  since  the  deposition  of  these  beds,  which, 

'  it  is  probable,  has  given  the  rivers  of  the  Atlantic  slope  a  western  tendency. 


''Tuomey's  view  was  upheld  by  Prof.  N.  S.  Shaler  a«  recently  as  1870.    Prcweedings 
of  the  Boston  Society  of  Natural  History,  XIII,  p.  22H. 
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7.  That  the  submerged  stumps  of  trees  found  below  the  level  of  high  tide  along 
the  coast  are  not  the  result  of  subsidence,  properly  so  called,  but  must  be  referred  to 
the  encroachment  of  the  sea  upon  the  land  and  to  the  peculiar  character  of  the 
deposits  in  which  they  grew. 

8.  That  the  almost  entire  absence  of  fluviatile  shells  in  the  recent  and  Tertiary 
deposits  is  mainly  due  to  two  facts:  (1)  That  there  is  a  considerable  space  between 
the  line  of  brackish  and  salt  water,  where  neither  fluviatile  nor  marine  forms  can 
exist;  (2)  that  the  streams  have  not  transporting  power  sufficient  to  bring  down 
fresh-water  shells.  So  long  as  these  circumstances  exist,  there  can  be  no  mixture  of 
fluviatile  and  marine  shells. 

Prior  to  1848  the  professor  of  geology  in  the  State  University  of 
Alabama  had  been  required  to  spend  a  portion  of  his  time,  not  exceed- 
ing four  months  of  each  year,  in  making  geological  explorations  in 
the  State.  In  January,  1848,  the  general  assembly,  in 
AJabMMr  fSJa^^?*  recognition  of  the  utility  of  this  work,  passed  a  resolu- 
tion appointing  Michael  Tuomey,  then  holding  this 
professorship,  State  geologist,  and  requiring  him  to  make  a  report  to 
the  general  assembly  at  each  of  its  biennial  sessions.  Thus  simply  was 
inaugurated  the  first  systematic  geological  survey  of  the  State. 

Under  this  law,  Tuomey's  First  Biennial  Report,  in  form  of  an  octavo 
volume  of  176  pages  and  a  colored  geological  map  of  the  entire  State, 
appeared  in  1850.  In  this  the  rocks  of  the  State  were  divided  into 
those  of  (1)  The  Primary,  (2)  Metamorphic,  (3)  Silurian,  (4)  Carbon- 
iferous, (5)  Cretaceous,  and  (6)  Tertiary  systems,  the  last  named  being 
represented,  so  far  as  then  known,  only  by  the  Eocene.  Much  of 
the  report  was  taken  up  with  economical  considerations,  particular 
attention  being  paid  to  coal  and  iron. 

The  second  report  of  this  survey  appeared  under  the  editorship  of 
J.  W.  Mallet,  the  publication  having  been  delayed  through  the  pro- 
crastination of  the  Public  Printer  and  Professor  Tuomey's  death,  which 
oi'curred  in  March,  1857. 

Tuomey  recognized  on  Marble  Creek  in  Limestone  County  a  blue 
limestone  which  was  a  continuation  of  the  Silurian  rocks  in  Tennessee. 
The  Devonian  rocks  were  represented  by  black  slate  found  on  the 
principal  streams  flowing  from  the  north  into  the  Tennessee  between 
Flint  River  in  Madison  and  Shoal  Creek  in  Lauderdale  County.  He 
regarded  the  divisions  of  the  carboniferous  made  by  Troost  as  sufli- 
ciently  characteristic  in  north  Alabama  to  be  retained. 

The  clastic  material — that  is,  the  loosely  consolidated  sands  and 
gmvels — which  he  mapped  as  extending  across  the  middle  of  the  State 
and  north  of  the  verge  of  the  Cretaceous  beds,  and  colored  as  post- 
Tertiary,  were  referred  to  as  belonging  to  the  drift,  although  having 
little  resemblance  to  that  of  the  noith.  '*•  If  the  southern  drift  be  at 
all  connected  with  that  of  the  north,"  he  wrote,  ''  it  may  be  explained 
by  supposing  that  the  northern  glaciers  suddenly  melted,  and  that  the 
water  thus  liberated  in  immense  volume  took  a  southern  direction, 
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carrying  with  it  the  debris  torn  from  the  surface  over  which  it  passed 
until  it  met  the  Tertiary  sea,  upon  the  shores  of  which  its  burden  was 
deposited."  This  theory,  he  felt,  would  sufficiently  account  for  that 
enormously  long  ridge  of  drift  extending  pamllel  with  the  Atlantic 
coast,  for  the  moment  the  current  entered  the  Tertiary  sea  its  velocity 
would  be  checked  and  the  greater  part  of  the  transported  detritus 
deposited.  The  reader  will  here  recognize  an  old  idea,  but  slightly 
modified. 
Commenting  on  the  fact  that  these  beds  contain  no  fossils,  he  wrote: 

The  only  way  by  which  I  can  account  for  this  *  *  *  is  by  suppoging  that, 
before  the  drift  period,  the  bottom  of  this  sea  had  been  eievateii  and  converted  into 
dry  land,  and  that  at  the  commencement  of  the  drift  period  a  depression  of  the  land 
took  place;  that  the  time  between  the  influx  of  the  sea  and  the  deposition  of  the  drift 
was  too  short  for  marine  animals  even  to  have  commenced  a  colonization,  and  that  the 
land  was  again  elevated  into  its  present  position  and  subjected  to  long-continued 
denudation,  which  produced  its  present  configuration;  that  after  this  elevation  the 
rivers  excavated  their  present  channels. 

Tuomey  was  assisted  in  this  work  by  Oscar  M.  Lieber,  geologist, 
and  J.  W.  Mallet,  chemist. 

The  withdrawal  of  Tuomey  from  the  field  in  South  Carolina  inci- 
dental to  his  removal  to  Alabama  left  the  position  of  State  geologist 
vacant  until  the  appointment  of  Lieber,  in  1855.  In  the  meantime 
F.  S.  Holmes,  working  privately,  gave  in  the  American 
aeokMfyof cbariMtoii  Journal  of  Science  for  1849  a  brief  paper  on  the  geol- 
ogy  of  the  vicinity  of  Charleston,  which  may  be  noted 
here,  with  the  preliminary  remark  that  this  was  Doctor  Holmes's  first 
venture  in  the  geological  field.  In  this  paper  attention  was  called  to 
the  fact  that  the  city  of  Charleston  was  built  upon  geological  forma- 
tions supposed  to  be  identical  in  age  and  in  other  respects  similar  to 
those  upon  which  London  and  Paris  are  located,  i.  e.,  upon  the  Eocene. 
The  adjacent  sea  islands  he  thought  to  have  been  formed  through  the 
action  of  the  ground  swell  of  the  ocean  and  the  streams  flowing  down 
from  the  interior  during  the  time  when  the  land  was  gradually  emerg- 
ing from  the  sea. 

He  agreed  with  Tuomey  in  taking  exception  to  the  then  generally 
received  opinion  that  the  sea  was  advancing  upon  these  shores,  having 
been  led  by  his  own  observations  to  the  conclusion  ""that  if  the  ocean 
does  wash  ofl^  portions  of  the  shore  at  one  exposed  point  it  deposits  the 
same  at  no  great  distance  upon  another."  The  supposed  indications 
of  subsidence,  such  as  the  stumps  and  roots  of  trees  now  below  the 
level  of  high  tide,  he  accounted  for  on  the  supposition  that  outer  sand 
barriers,  which  had  prevented  the  ingress  of  salt  waters,  were  gradu- 
ally removed,  allowing  the  waves  to  wash  away  the  fine  silt  and  mud 
between  the  roots  of  the  trees,  thus  permitting  them  to  sink  into  it 
and  become  embedded.  This,  it  will  be  noted,  was  essentially  the  view 
advanced  by  Tuomey.  ^^,  _^  ^^  ^OOglc 
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Holmes  classified  the  formations  met  with  as  post-Plioeene,  Miocene, 
and  Eocene,  the  post-Pliocene,  where  observed,  resting  directly  upon 
the  Eocene.     This  he  would  account  for  on  the  supposition  that  during 

the  deposition  of  the 
post-Pliocene  the  Mio- 
cene area«  were  above 
water,  or  had  been  de- 
nuded of  their  post- 
Pliocene  covering  pre- 
vious to  the  deposition 
of  the  alluvial  or  dilu- 
vial sands  and  clays. 

In  1849  Capt.  Howard 
Stansbury,  of  the  corps 
of  topographical  engi- 
neers, acting  under  au- 
thority of  the  War  De- 
partment, explored  the 
valley  of  Great  Salt 
I^ake.  The  expedition 
left  Fort  Leavenworth 
May  81,  1849, •taking  a 

^        .    -,        .  north- 

Captain  Stansbury 's 
Explorations  In  Utah,  west  dl- 
1849. 

rection 
and  striking  the  Platte 
at  Fort  Kearney,  pro- 
ceeding thence  along 
this  and  the  North  Fork 
to  the  Sweetwater,  and 
thence  across  South 
Pass  to  Fort  Bridger 
and  Salt  Lake  City. 
The  return  trip  was 
made  by  a  more  south- 
erly route,  through 
Bridger  Pass,  striking 
the  old  route  again  at 
Fort  Laramie,  and 
thence  back  to  Fort 
Leavenworth,  the  latter 

point  being  reached  the  6th  of   November,  1850. 

No  geologist  accompanied  this  ex|)editi()n,  and  a  small  series  of  rocks 

and  fossils  which  were  collected  were  reported  u|K)n  by  James  Hall. 

Forms  belonging  to  the  Cn^taceous,  C^arl)oniferous,  and  S|hirian  or 

Dev^onian  ages  were  identitied.  Digitized  by  VjOOglC 
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D.D.Owen's  Work  In  and  the  northern  part  of  Iowa. 

the  Chippewa  District  ^ 

In  WIscf 


and  In  Wisconsin, 
Iowa,  and  Minnesota 


In  1847  Doctor  Owen  wa«  again  employed  bv  the  Treasury  Depart- 
ment, under  immediate  supervision  of  General  Land  Commissioner 
R.  M.  Young,  to  make  surveys  in  the  Chippewa  district  of  Wisconsin 

The  region  lies  between 
48  '  and  47^  north  latitude  and  89^^  and  94^  longitude 
1847-1851.  west  of   (ireenwich,  embracing  about  46,000  square 

miles  and,  as  shown  on  the  map  (fig.  45),  comprising  that  portion  of 
the  country  '' lying  chiefly  east  of  the  upper  Mississippi  above  Lake 
Pepin  and  extending  north  to  Lake  Superior."*  Incidentally,  there 
was  included  a  portion  of  Iowa  ''stretching  north  from  the  northern 
boundary  of  the  geological  survey  of 
1839  as  far  as  the  St.  Peters  Kiv^er, 
and  also  a  ti*act  of  country  north  of 
the  Wisconsin  River." 

As  in  the  previous  survey,  the 
time  was  limited,  only  the  summer 
and  autumn  of  1847  being  devoted 
to  field  work,  the  report,  printed  in 
form  of  Senate  Document  No.  57 
of  the  first  session  Thirtieth  Con- 
gress, bearing  the  date  of  April  28, 
1848.  It  comprised  134  pages,  with 
one  geological  map,  23  lithographic 
plates  from  di-awings  by  Doctor 
Owen,  and  13  colored  plates  of  sec- 
tions. Some  of  these  last  were 
beautiful  combinations  of  sections 
and  perspective  landscapes,  and  give 
at  a  glance  a  general  idea  of  the 
surface  features  as  well  as  the 
character  and  dip  of  the  underlying 
rock  masses,  such  as  is  rarely  ex- 
celled. (See  Plate  19,  from  his  sec- 
tion 5.)     Even  when  one  considers 

that,  as  Owen  states,  the  working  time  of  the  members  of  his  corps 
was  from  twelve  to  fifteen  hours  a  day,  still  one  wonders  that  so  much 
was  accomplished  and  presented  in  such  good  form.  Though  a  detailed 
geological  survey  was  made  of  only  about  thirty  townships  west  of  the 
fourth  principal  meridian  on  Black  River  and  sixty  townships  on  the 
St.  Croix,  suflicient  data  was  obtained  to  enable  him  to  lay  down  with 
approximate  accuracy  the  general  bearing  and  area  of  the  principal 
formations  of  over  two-thirds  the  area  above  noted.  He  showed,  also, 
that  both  the  upper  and  lower  magnesian  limestone,  wen*  lead-bearing, 
and  that  there  existed  in  Wisconsin  two,  if  not  three,  trap  ridges  simi- 
lar to  those  of  Michigan,  and  which,  like  the  last,  ^'  hold  out  a  prospect 
of  productiveness."  L.,y,u..u  uy  ^^^^. 


Fig.  45.— Map  of  areas  surveyed  by  D.  D.  Owen 
in  Iowa,  Wisconsin,  and  Illinois  in  1839,  and 
the  Chippewa  I^nd  District  in  1847. 
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In  this  report,  too,  he  first  announced  that  the  upper  Mississippi 
country  north  of  the  Wisconsin  River  was  based  upon  magnesian  lime- 
stones which  were  older  than  the  lowest  formations  of  the  valley  of 


r,9i. 


^Trruaji    J!fin,hfrr„u%    Sffnia 


Cr^nitt^    nci n  Yh  1*  1  r ^/c ^ 


I,  Mtn/rs(ilrFd    rofAM 


IfUVtrpUjihtA        |-«£kw 


P'iB^r^    fsat^lip'f  miti     Ipim** 


S'^n^imwy    iD»»*iii«rsii*»   (tH 


££*JMf«ittr«« 


Fio.  46.— Owen's  Keological  sections. 


the  Ohio,  a  portion  of  them  being  contemporaneous  with  the  Calcif- 
erous  group  and  Potsdam  sandstone  of  New  York.  He  noted  also 
that  the  Falls  of  St.  Anthony  an*  receding  and  were  probably  at  one 
time  at  a  point  near  Fort  Snelling. 
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Concerning  the  red  nandstones  of  the  Houth  and  west  shores  of  Lake 
Superior,  he  wrote:  "There  is  strong  presumptive  evidence  that  they 
were  deposited  subsequently  to  the  Carboniferous  era."  His  evi- 
dence, though,  was  admittedl}^  weak  and  later  was  acknowledged  to  be 
wholly  misleading  and  insufficient. 

This  preliminary  reconnaissance  ended,  Owen  was  instructed  to  make 
a  survey  of  the  Northwest  Territory,  embracing  chiefly  Wiscon8in,i 
Iowa,  and  portions  of  Minnesota.  The  manuscript  of  his  final  report 
of  this  work  was  submitted  in  1851  and  published  under  date  of  1852' 
in  the  form  of  a  quarto  volume  of  628  pages  cf  text,  with  15  plates  of 
fossils,  19  fokling  sections,  and  a  geological  map.  The  illustrations  of 
the  fossil  remains  are  of  particular  interest,  being  medal-ruled  on 
steel,  the  first  of  their  kind  produced  in  America. 

Owen  was  assisted  in  this  survey  by  Doctors  Shumard  and  Litton,  of 
St.  Louis;  Dr.  John  Evans  and  F.  B.  Meek,  of  Owens))oro,  Kentucky; 
Col.  C.Whittlesey,  of  Cleveland,  Ohio;  and  Messi-s.  B.  C.  Macy,  Henry 
Pratton,  George  Warren,  and  John  Beale,  of  New  Harmony,  Indiana. 

To  Doctor  Leidy  fell  the  work  of  describing  the  vertebrate  fossils 
collected  by  Doctor  Evans  in  the  Bad  Lands  of  Nebraska.  Among 
these  fossils  was  the  now  well-known  Oreodon,  an  animal  with  grind- 
ing teeth  like  the  elk  and  canines  like  those  of  omnivorous  thick- 
skinned  animals,  belonging,  as  was  thought,  to  ''a  race  which  lived 
both  on  flesh  and  vegetables  and  yet  chewed  the  cud  like  our  four- 
footed  grazers." 

This  work  was  the  first  systematic  account  published  of  the  Bad 
Lands  fossils.  The  first  mammalian  remains  to  be  described  from  this 
region,  it  should,  however,  be  noted,  consisted  of  fragments  of  the 
jaw  of  an  enormous  pachyderm,  which  were  described  by  Dr.  11.  A. 
Prout,  of  St.  Louis,  in  the  American  Journal  of  Science  for  1847. 

Owen  regarded  the  gypsum  deposits  of  Dubuque  as  due  to  original 
deposition  at  the  bottom  of  an  ocean,  the  sulphate  of  lime  having 
probably  been  derived  during  the  formation  of  the  rocks  and  from  sub- 
marine sources.  This  view  is  somewhat  remarkable  when  it  is  recalled 
that  of  the  total  lime  salts  in  solution  in  sea  water,  90  per  cent  occur 
in  the  form  of  sulphates  and  would  be  deposited  as  gypsum  during  the 
ordinary  processes  of  evaporation. 

His  views  on  the  origin  of  the  drift  were  in  accordance  with  those 
of  the  leading  authorities  of  his  day.  The  large  bowlders  he  regarded 
as  having  been  deposited  by  floating  ice  and  drifted  by  currents  from 
the  north  while  the  country  was  depressed.  The  opinion  which  he 
had  previously  expressed  (in  1848)  concerning  the  age  of  the  Lake 
Superior  sandstones  was  in  this  final  report  retracted,  and  he  relegated 
them,  on  stratigraphic  evidences  only,  to  the  Potsdam  formations, 
which  is  in  accordance  with  the  prevailing  opinion  of  to-day. 
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'Of  greatei*  importance  was  the  fact,  first  announced  in  his  report  for 
1847-48,  but  here  brought  out  in  detail,  that  underlying  his  lower 
magnesian  limestone  (Chazy)  there  were  at  least  six  different  trilobite- 
bearing  beds,  separated  by  from  10  to  150  feet  of  intervening  strata. 
Previous  to  this  no  remains  of  this  nature  had  been  reported  from  any 
American  strata  older  than  the  Canadian  period  of  the  Lower  Silurian. 
These  trilobite-bearing  strata,  it  should  be  noted,  were  found  resting 
immediately  upon  the  primal  rocks  and  hence  formed  the  true  base  of 
the  zoological  series  in  the  Mississippi  Valle} . 

On  the  title  page  of  this  volume  appeared  the  cut  of  the  horizontall}^ 
jointed  trap  of  Lake  Superior  that  has  long  done  duty  in  the  text- 
books of  Le  Conte  and  others  (see  fig.  47). 


Work  of  C.  T. 
Jackson  In 
MIchisran,  1847 


Fig.  47.— Tmp  dikes  on  Lake  Superior.    (After  D.  D.  Owen.) 

In  accordance  with  an  act  of  Congress  approved  March  1,  1847,  Dr. 
C,  T.  flackson  was  appointed  b\'  the  Hon.  R.  J.  Walker,  then  Secre- 
tary of  the  Treasury,  to  make  a  geological  survey  of  that  portion  of 
Michigan  lying  south  of  Lake  Superior  and  north  and 
northwest  of  Lake  Michigan.  As  in  previous  opera- 
tions of  like  nature  by  Owen,  the  object  of  this  survey 
was  to  ascertain  which  of  the  lands  should  be  classed  as  mining  lands 
and  which  agricultural.  Jackson  spent  two  seasons  in  the  prosecution 
of  this  work  and  then  resigned,  for  reasons  which  seem  to  have  been 
in  part  personal  and  in  part  political,  the  completion  of  the  work  being 
confided  to  his  assistants,  J.  W.  Foster  and  J.  D.  Whitney. 

Jackson's  report  was  published  as  House  Document  No.  5,  Thirty- 
first  Congress,  first  session,  1849.  It  comprised  upward  of  560  pages, 
with  19  plates,  geological  maps  of  Keweenaw  Point  and  Isle  Royal, 
and  three  sections  of  mines.  The  eruptive  rocks  of  Keweenaw  Point 
were  described  as  having  been  intruded  through  linear  caverns  or 
fractures  in  the  superincumbent  rock  which  they  had  frequentl}'  over- 
flowed, so  as  to  rest  unconformably  on  their  strata.     Here  is  again 


AMERICAN    GEOLOGY — DECADE    OF   1840-1849. 


415 


recognized  the  possibility  of  fissure  eruptions  as  distinctive  from  the 
crater  eruptions  of  modern  volcanoes. 

The  red  sandstones  of  Lake  Superior  were  erroneously  regarded  as 
belonging  to  the  New  Red  series,  the  opinion  being  based  upon  a  tract 
of  limestone  carrying  the  fossil  PenttuneruH  ohloiiguH^  which  was  found 
in  the  midst  of  the  sandstone  near  Anse. 

Jackson,  it  is  well  to  note,  was  opposed  to  the  principle  of  the  reser- 
vation of  minei*al  lands  by  the  General  Government.     He  wrote: 

It  may  be  useful  to  the  public  to  t»u8e  geological  and  uiineralogical  surveys  t4)  l)e 
made  for  their  information,  Imt  1  am  satisfied  that  the  reservation  of  mineral  lands 
is  a  great  evil  to  the  country,  and  that  the  Governnjent  never  can  derive  revenue 
from  such  sources,  while  the  restriction  most  seriously  embarrasses  the  settlement  of 
newly  acquired  territory.  The  above  remarks  are  applicable  to  the  whole  copper 
region,  and  1  would  not  advise  the  reservation  of  any  part  of  it  as  mineral  land. 

Jackson's  chief  assist- 
ants were  J.  D.  Whitney 
and  J.  W.  Foster,  already 
noted,  Dr.  John  Locke, 
and  Dr.  Wolcott  Gibbs. 

In  1848,  while  occupy- 
ing the  chair  of  zoology 
and  geology  at  Harvard 
Universit}',  Louis  Agas- 
siz,  in  company  with 
Jules  Marcou  and  a  party 
of  students,  undertook  an 
exploration  of  the  Lake 
Superior  region,  the  re- 
sults of  which  were  pub- 
lished in  1850,  under  the 
A     ^  .  «..    .   .    ^*aption 

AnMiz's  Physical        ^  '  ^     , 
Characters  of  Lake     of       Lake 
Superior,  1848.  ,_ 

Superior; 
its  Physical  Chamcter, 
Vegetation  and  Animals, 
compared  with  those  of 
other  and  similar  regions.  Marcou  would  have  us  believe  that  this 
volume  marked  an  epoch  in  natural  history  publications  in  America, 
this  mainly  on  account  of  the  superior  style  of  its  illustrations.  Cer- 
tainly there  was  much  to  justify  the  claim. 

The  country  was  nearly  everywhere  roadless,  and  transportation  by 
water  possible  only  through  the  aid  of  birch-bark  canoes.  As  might 
be  expected,  the  purely  geological  observations  were  of  little  value, 
excepting  so  far  as  they  related  to  glaciatiou.  Agassiz  argued  that 
the  form  of  the  lake  was  due  to  ^'a  series  of  injections  of  trap  dikes 


Fig.  48.— Map  showing  area  surveyed  by  Jackson,  and  Foster 
and  Whitney,  1847--19. 


416  REPORT    OF   NATIONAL    MUSEUM,  1904. 

of  different  characters,  traversing  the  older  rocks  in  various  direc- 
tions." He  found  six  systems  of  these  dikes,  to  the  trend  of  which  the 
various  lake  shores  in  a  general  way  conformed.  The  relationship  of 
the  various  copper  deposit*  he  attempted  to  explain  on  the  somewhat 
remarkable,^  as  well  as  ingenious,  assumption  that  the  material  had 
been  poured  out  in  a  melted  condition,  and,  cooling  quickl}^,  remained 
in  the  native  state,  offering  to  the  agencies  of  change  a  relatively  small 
surface  exposed  in  proportion  to  its  mass.  At  a  distance  from  the 
main  mass,  where  the  ejections  were  small  with  relatively  large  sur- 
faces exposed,  they  became  more  or  less  completely  changed  into 
oxides,  sulphides,  carbonates,  etc.  The  reader  need  scarcely  be 
reminded  that  authorities  to-day  hold  quite  a  different  view,  and 
regard  the  copper  as  having  been  precipitated  by  reduction  to  a  native 
state  from  salts  held  in  permeating  solutions. 

Naturall}^  Agassiz's  views,  as  here  set  forth  on  the  glacial  phe- 
nomena of  the  region,  are  of  paramount  interest.  He  argued  that  the 
drift  of  all  northeast  America  and  northwest  Europe  was  contempora- 
neous and  due  to  a  general  ice  sheet.  Through  a  repetition  of  many 
of  his  former  arguments  he  showed  that  a  current  of  water  sufficiently 
powerful  to  transport  the  large  blocks  found  would  have  swept  prac- 
tically over  the  entire  globe,  and  not  have  stopped  abruptly,  as  did  the 
drift,  after  reaching  latitude  39^  north.  This  limit  of  distribution  of 
the  bowlders  to  the  northern  latitudes  also  indicated  to  his  mind  that 
the  matter  of  climate  was  an  important  factor.  Water-transported 
material,  he  further  argued,  would  not  cause  straight  furrows  and 
scratches,  and  the  theory  that  such  might  be  due  to  drifting  icebergs 
was  rejected  on  the  ground  that  existing  bergs  were  insufficient,  and 
to  produce  such  as  were  would  necessitate  a  period  of  cold  sufficient 
for  his  hypothetical  polar  ice  cap.  He  pointed  out  that  the  northern 
erratics  were  rounded  and  widespread;  that  the  highest  hills  were 
scratched  and  polished  to  their  summits,  while  to  the  southward  the 
mountain  tops  had  protruded  above  the  ice  sheets  and  supplied  the 
glaciers  with  their  load  of  angular  bowlders.  He  also  called  attention 
to  the  absence  of  marine  or  fresh  water  shells  from  the  glacial  (ground 
moraine)  deposits,  showing  it  was  not  subaqueous.  Referring  to  the 
stratified  deposits  overlying  the  drift,  he  wrot*»: 

The  various  heights  at  which  these  stratified  def)08its  occur  above  the  level  of  the 
Hea  Hhow  plainly  that  since  their  accumulation  the  mainland  has  been  lifted  above 
the  ocean  at  different  rates  in  different  parts  of  the  country. 

And,  further: 

It  must  be  at  once  obvious  that  the  various  kinds  of  loose  materials  all  over  the 
northern  hemisphere  have  l)een  accumulated,  not  only  under  different  circumstances, 
but  during  long-continued  subsequent  distinct  perimls.  To  the  first — or  ice  period — 
belong  all  phenomena  connected  with  the  transportation  of  erratic  bowlders,  polish- 
ing, scratching,  etc.,  and  during  which  the  land  st<x)d  at  a  higher  level.  To  the 
second  belong  the  stratified  drift,  such  as  indicate  a  depression  of  the  continent,  r> 
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Fig.  49.— Louis  Ago&siz. 


Louis  Agasvsiz  was  born  in  Motier,  Switzerland,  in  1807,  and  came 
into  world-wide  notoriety  through  his  works  on  fossil  fishes  and  his 
enthusiastic  exploitation  of  the  glacial  discoveries  of  Hugi,  Venetz, 
and  Charpentier,  while  in  Neuchatel.  He  came  to 
Sketch  of  AflTMsiz.  America  to  better  his  finances  in  1846,  and  after  deliv- 
ering courses  of  lectures  before  the  Lowell  Institute 
in  Boston  and  in  other  of  the  eastern  cities, 
accepted,  in  1847,  the  professorship  of  geol- 
ogy and  zoology  in  Harvard  University. 
Agassiz  was  not,  however,  a  geologist,  and 
his  service  to  this  branch  of  science  after 
coming  to  America  was  more  as  a  teacher 
and  through  arousing  public  interest  than 
by  research.  His  enthusiasm  was  too  great, 
his  staying  power  too  slight;  he  was  too 
prone  to  jump  at  conclusions  to  make  a  good 
geologist,  as  shown  in  his  hasty  assumption 
that  the  bowlders  of  decomposition  found  by 
him  in  Brazil  were  drift  bowlders  and  indica- 
tive of  a  former  glacial  period  in  that  latitude. 
The  work  begun  by  Jackson  in  Michigan 
and  under  direction  of  the  (xeneral  Land  Office  in  1847  was,  ju^  already 
shown,  continued  by  Messrs.  J.  W.  Foster  and  J.  D.  Whitney.  Their 
reports  were  issued  in  octavo  form.  Vol.  I,  on  the  copper  lands,  con- 

'     • stituting  House   Executive 

'     Whitney's  Work  In    Document  No.  09,  first  ses- 

-^_  Michijran.  1849-51.  rp,.    .       ^      .    Ji 

^^^"^^^^  sion,  ihirty-nrst  Congress, 

^m  V  1850,  and  comprising    224  pages,  with  12 

^K  j^  plates  and  a  facsimile  of  a  map  of  Lake 

^^^    ^^fw^  Superior  made  by  the  Jesuit  missionaries  in 

^^^     JL^B  1671.     Vol.  n,  or  Part  2,  on  the  iron  region, 

wHt   yj^t  appeared   as   Senate   Executive   Document 

^M^^^^'^^m  No.  4,  special  session,  March,  1851.     This 

^^^^^^^^3^^^         comprised,  all  told,  400  pages,  with  33  plates. 

^^^^^^^^^^^^^^     A  colored  geological  map  of  the  area  sur- 

^^^^^^^^^^^^^1     veyed  accompanied  the  report.     Some  of  the 

I^^^^^^^^^^^^^H     more  important  noted  are        below: 

Fig.  5o.-John  Wells  Foster.  They  stated  that  Lake  Superior  occupies 

an  immense  depression  which  has  been  for 
the  most  part  excavated  out  of  the  soft  sandstone  of  the  Potsdam  age. 
The  configuration  of  that  portion  of  the  lake  lying  west  of  longitude 
88  was  deemed  as  due  to  two  axes  of  elevation  extending  in  parallel 
lines  from  the  northeast  to  the  .^^outhwest,  which  upmised  the  sand- 
stone, causing  it  to  form  a  synclinal  valley. 
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This,  it  will  be  noted,  is  i-adically  different  from  the  idea  put  forward 
by  Agassi z. 

The  conglomerate  composed  of  rounded  fragments  of  jaspery  rock, 
so  abundant  throughout  the  copper  region  of  the  south  shore  of  the 
lake,  they  regarded  as  a  friction  congloraei^ate,  testifying  to  the 
''intensity  of  the  force  with  which  the  eruptive  rocks  have  been  pro- 
pelled from  the  interior  through  the  earth's  crust,"  the  detritus  hav- 
ing been  redistributed  by  the  waters,  following  in  this  the  teachings 
of  Von  Buch.  Their  graphic  account  of  the  conditions  under  which 
it  was  supposed  to  have  been  formed  is  worthy  of  being  reproduced 
entire: 

We  may  suppose  that  at  one  time  all  of  this  district  (i.  e.,the  copper  district) 
formed  a  part  of  the  V)ed  of  the  primeval  ocean.  Adopting  the  theory  of  a  cooling 
globe,  we  may  further  suppose  that  the  waters  were  in  a  heated  condition  and  dif- 
fered essentially  in  ch'emical  composition  from  those  of  the  present  oceans.  The 
earth*8  crust  was  intersected  by  numerous  powerful  fissures,  and  the  communication 
between  the  exterior  and  interior  was  unobstructed.  Volcanic  phenomena  were 
much  more  frequent  and  exerted  on  a  grander  scale.  Each  volcanic  paroxysm  would 
give  rise  to  powerful  currents  and  agitations  of  the  water,  and  their  abrading  action 
in  detaching  portions  of  the  preexisting  rocks,  and  depositing  them  in  beds  and  lay- 
ers on  the  floc3r  of  the  ocean,  would  operate  with  greater  intensity  than  at  the  pres- 
ent time.  We  can  trace  the  remains  of  one  volcanic  fissure  extending  from  the  head 
of  Keweenaw  Point,  in  a  southwesterly  direction,  to  the  western  limits  of  the  dis- 
trict, and  of  another,  in  a  parallel  diret^tion,  from  the  head  of  Neepigon  Bay  to  the 
western  limits  of  Isle  Royale.  Along  the  lines  of  these  fissures  existed  numerous 
volcanic  vents,  like  those  observed  at  this  day  in  Peru,  Guatemala,  and  Java,  which 
were  characterized  by  periods  of  activity  and  repose.  From  these  vents  were  poured 
forth  numerous  sheets  of  traji,  which  flowed  over  the  sands  and  clays  then  in  the 
progress  of  accumulation.  During  the  throes  and  convulsions  of  the  mass  portions 
of  rock  would  become  detached  and  rounded  simply  by  the  effects  of  attrition,  and 
jets  of  melted  matter  he  projected  as  volcanic  bombs  through  the  air  or  water,  which, 
on  cooling,  would  assume  spheroidal  forms;  while  other  portions  of  the  rock,  in  a 
state  of  minute  mechanical  division,  would  be  ejected  in  the  fonn  of  ashes  and  sand, 
which,  mingling  with  the  water,  would  be  deposited  as  the  oscillations  subsided 
among  the  sands  and  pebbles  at  the  bottom  of  the  sea.  During  the  whole  of  this 
period  of  volcanic  activity  the  sands  which  now  form  the  base  of  the  Silurian  system 
were  in  the  progress  of  accumulation  and  became  mingled  with  these  igneous 
products.  The  level  of  the  sea,  as  evidenced  by  the  ripple  marks,  was  subject  to " 
repeated  alterations;  sometimes  it  rose  so  shoal  that  the  marks  of  the  rippling  waves 
were  impressed  on  the  sands,  at  others  it  sank  to  unfathomable  depths. 

In  the  process  of  consolidation  the  rocks  became  traversed  by  numerous  fissures, 
and  the  water,  charged  with  lime,  was  forced  in  like  jets  of  steam,  filling  them  with 
materials  different  from  the  inclosing  mass.  In  this  way  the  pores  in  the  conglom- 
erate and  the  vesicles  of  the  amygdaloid  were  filled. 

The  formation  of  the  copper  and  silver  ores  they  regarded  as  due 
prolmbly  to  electro-chemical  agencies.     To  quote  their  own  words: 

The  exi.**tence  of  two  metals  side  by  side,  like  copper  and  silver,  each  chemically 
pure  and  capable  of  being  alloyed  in  any  proportions;  the  accunuilation  of  the  latter 
near  the  cross  courses  or  at  the  junction  of  two  mineral  planes;  the  changes  in  the 
metallic  contents  of  lodes  in  their  passage  through  different  rocks,  and  the  parallel 
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arraiigetiient  of  the  earthy  gangut^,  all  seeui  to  indicate  tlie  exintence  of  electrical 
currents  during  the  period  of  their  formation. 

Concerning  the  origin  of  the  drift  and  the  phenomena  of  the  groov - 
ings  and  striationsof  the  rocks  in  the  regions,  they  were  still  somewhat 
in  the  dark.  The  position  of  bowlders  resting  on  stratified  deposits  of 
sand  and  clay  was  regarded  as  antagonistic  to  the  theory  of  a  general 
ice  cap  similar  to  that  of  the  circumpolar  region.  It  was  thought 
that  such  might  rather  have  been  transported  by  floating  ice  (not  ice- 
bergs) in  the  same  manner  that  bowlders  are  even  now  each  spring 
transpoi-ted  from  the  borders  of  the  northern  lakes  and  rivers  and 
dispersed  over  the  adjacent  swamps  and  lowlands. 

The  slates  of  the  region  were  looked  upon  as  probably  originally 
laid  down  as  volcanic  ashes  and  subsequently  consolidated — a  by  no 
means  improbable  theory.  The  specular  and  magnetic  iron  ores  they, 
sti^angel}'  enough,  regarded  as — 

a  purely  igneous  product,  in  some  instances  poured  out,  but  in  others  sublimated, 
from  the  interior  of  the  earth.  We  may  conceive  that  the  various  rocks  of  the  Azoic 
series  were  originally  deposited  in  a  nearly  horizontal  position.  During  the  deposi- 
tion of  these  strata,  at  various  intervals  sheets  of  plastic  matter  were  poured  forth 
from  below  and  spread  out  upon  the  surface  of  the  pre-existing  strata.  During  this 
period  the  interior  of  the  earth  was  the  source  of  constant  emanations  of  iron,  which 
appeared  at  the  surface  in  the  form  of  a  plastic  mass  in  combination  with  oxygen, 
or  rose  in  metallic  vapors  or  as  a  sublimate,  perhaps  as  a  chloride;  in  the  one  case  it 
covered  over  the  surface  like  a  lava  sheet,  in  the  other  it  was  absorlx?d  into  the 
adjacent  rocks  or  diffused  through  the  strata  in  the  process  of  formation. 

The  igneous  rocks  they  classified  as  dolerite,  anamesite,  and  basalt. 
The  sandstone,  which  occupies  almost  exclusively  the  bed  of  Lake 
Superior  and  which  occurs  in  isolated  patches  along  the  shore  and  on 
the  islands,  they  rightly  classed  as  Potsdam,  differing  in  this  respect 
with  Jackson,  who  considered  it  as  New  Red,  and  from  Locke  and 
others,  who  thought  it  to  be  the  equivalent  of  the  Old  Red  or  Devonian 
sandstone  of  Europe. 

The  work  on  the  Paleozoic  rocks,  as  given  in  Part  II  of   these 

repoits,  was  done  by  James  Hall,  of  New  York.     The  limestones 

first  seen  upon  St.  Marys  River,  Hall  regarded  as  identical  with  the 

Chazv,    Bird's-eve,  Black  River,   and  Trenton  lime- 

Hall's  Report  on  '       -  x^         x^"     i  mi       /^i»/i.  i*  i*  ^a  i 

Lake  Superior  stones  of  Ncw  lork.      The  Clm  hmestone  of  Uwen  he 

Rocks. 

designated  as  the  (ralena  limestone,  which  he  errone- 
ously regarded  as  a  distinct  member  of  the  Lower  Silurian  system, 
not  recognized  in  the  East. 

In  his  chapter  on  the  parallelism  of  the  Paleozoic  deposits  of  the 
United  States  and  P^irope,  Hall  called  attention  to  the  fact  that 

The  simplest  principle^  of  elementary  geoloj^y  teach  us  tliat  sedimentary  ImmIh, 
having  the  same  thickness  and  same  lithographical  characttM>»,  can  not  have  spread 
over  an  area  so  wide  as  that  now  included  between  the  Kurofn^an  and  American 
continents.     All  sedimentary  deposits  must  vary  in  character  at  remote  points,  as 

u-iymz-eu  uy   -^_- i^ '.^  3^  iC 
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tlie  physical  coinlitioiisof  the  tn-ean  can  not  be  presumed  to  have  remained  the  same 
over  a  wide  extent  of  surface.  Under  such  circumstances,  absolute  paralleUsm  is  not 
to  l)e  sought  for  or  expected.  Calcareous  deposits,  as  would  naturally  be  supposed, 
have  been  found  to  be  more  persistent  and  more  uniform  in  the  character  of  their  fossil 
contents;  but  these,  over  some  jwrtion  of  their  extent,  have  often  Inn^n  invaded  !)y 
arjnllat'eous  and  arenaceous  sediment**,  and  the  fauna  is  found  to  Ije  in  a  greater  or 
less  degree  influenced  by  such  circumstances. 

The   following  table  was  given,  showing  the  subdivisions  of   the 
Paleozoic  series  in  New  York: 

1.  Potsdam  sandstone. 

2.  (^alciferous  sandstone. 

Upper   sandstone  of    Wisconsin  and  Minnesota   similar    to    the   Potsdam 
sandstone. 

8.  Chazy  limestone. 

4.  Bird's-eye  and  Black  River  hmestone. 

5.  Trenton  limestone. 

(Jalena  or  lead- bearing  limesUme  of  Wisconsin,  Iowa,  and  Illinois  not  rec- 
ognized at  the  East. 

H.  Uti(!a  slate.  1 

7.  Hudson  River  shales,  [included  in  the  Hudson  River  group. 

S.  Gray  samlstone.  J 

9.  Oneiila  conglomerate. 

10.  Medina  sandstone. 

11.  Clinton  group. 

12.  Niagara  group,  coralhne  limestone  of  Schoharie. 
18.  Onondaga  salt  group. 

14.  Tentaculite  or  water  limestone. 

15.  Pentanierus  limestone. 
18.  Delthyris  shkly  limestone. 

17.  Encrinal  limestone. 

18.  Upper  Pentanierus  limestone. 

19.  Oriskany  sandstone. 

20.  Cauda-galli  grit. 

21.  Schoharie  grit. 

22.  Onondaga  limestone. 
28.  Corniferous  limestone. 

24.  Marcellus  sliale. 

25.  Hamilton  group. 

26.  Tully  limestone. 

27.  (ienesee  slate. 

28.  Portage  group. 

29.  Chemung  group. 

30.  Sandstone  and  shale  oi  the  Catskill  Mountains. 

81.  Oray  and  yellow  sandstone. 

82.  (4reat  (Carboniferous  limestone. 

The  following  was  given  to  show  the  eiiuivalency  of  the  Clilf  lime- 
stone with  the  New  York  group: 


Lower  Hehlerljerg  group. 


Upper  Helderl>erg  group. 


Hamilton  group. 
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5.  Trenton  hmentone.      1 

Galena  liniei^tone.        [AVantinj?  at  the  ea**t  and  Houtheast. 
6-8.  Hudson  River  group.  I 
9.  Oneida  conglomerate.  |.„      .  . 

10.  Medina  Kandstone.      j  "^ 

^'  „.  *       ^'  J-The  Niagara  and  the  calcareouH  portion  of  the  Clinton. 

12.  Niagara  group. ) 

13.  Onondaga  salt  group.     Wanting  west  of  Lake  Michigan. 

14.  Tentaculite  limestone. 

15.  Pentamerus  limestone. 

16.  Delthyris  shaly  limestone. 

17.  Encrinal  limestone. 

18.  Upper  Pentamerus  limestone. 

19.  Oriskany  sandstone.  \„,     x-        *.  i.u  ^       i        ^i        x 
.^^    ^      ,        1..      •.          Mvantmg  at  the  west  and  southwest. 

20.  Cauda-galli  gnt.        1 

21.  Schoharie  grit. 

22.  Onondago  limestone. 
28.  Comiferous  limestone. 

The  following  table  was  intended  to  show  the  equivalency  of  the 
New  York  forms  with  thowse  of  Europe: 

,  .,    ^        r?  Trenton  limestone,  in  part. 
Llandeilo  nags.i„  jr^-       i  ± 
^    I?  Utica  slate. 

^       ,  ,  ,         /Hudson  River  group. 

Caradm?  sand  stone,  i^,.   ^  •  ^ 

I  Clinton  group,  m  part. 

[Clintxm  group,  in  part. 

Wenlock  series.]  Niagara  group. 

Ix)wer  Helderberg  limestones. 


Ludlow  series  and  Devonian  system.. 


Upj)er  Helderljerg  limestones. 

Hamilton  group. 

Chemung  group. 

Red  sandstone  and  shale  of  Catskill  Mountains. 

The  Chazy,  Bird's-eye,  and  Black  River  limestones,  the  Onondaga 
salt  group  and  the  Oriskany  sandstone  he  regarded  as  having  no 
representation  among  British  strata. 

Commenting  on  the  proportion  of  species  represented  by  European 
authorities  as  passing  from  Devonian  to  Carboniferous,  he  wrote: 

It  is  so  enormously  great  that  we  find  no  parallel  to  it  in  any  preceding  peri(Ml. 
*  *  *  From  all  these  facta  there  seems  to  be  but  one  conclusion,  and  that  is,  in 
the  British  Isles  particularly,  either  there  are  remarkable  exceptions  to  the  general 
law  in  the  continuation  of  species  from  one  to  another  or  that  there  is  no  foundation 
for  a  distinction  between  the  Devonian  and  Carboniferous  systems. 

Further  on  he  wrote: 

We  can  not  avoid  the  conclusion  that,  if  we  adopt  the  Devonian  system  with  the 
limits  suggested  by  foreign  writers,  we  nmst  drop  forever  the  attempt  to  recognize 
the  Ludlow  division  of  the  Silurian  system. 
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Tho  drift  phenoiiioiia  of  tlie  region  studied  hv  Foster  and  Whit- 
Desoronthe  n^V  werc  described   by   K.    Desor,   wlio   divided   the 

•  **'  *  deposits    into    four    classes,    as    follows,    !)e^inning 

with  the  lowermost: 

1.  A  layer  of  coarse,  pebbly  loam  called  **  coarse  drift." 

2.  Clay  resting  either  on  the  coarse  drift  or  directly  on  the  nx'k. 

X  A  dejx)sit  of  sand,  gravel,  and  pebbles,  irregularly  stnitine<l,  resting  n|K>n  the 
rhiy  or  the  bed  rock. 

4.  Isolated  l)owlders  scattered  over  the  whole  region. 

While  disclaiming  any  intention  of  giving  a  general  theory  for  the 
causes  and  origin  of  the  drift,  he  argued  that  the  phenomena  he 
described  indicated  neither  paroxysmal  agencies  nor  the  operation  of 
any  single  cause,  however  long  continued.  '^They  disclo.se  a  long 
series  of  events  which  have  resulted  from  causes  highly  diversified, 
and  as  yet  imperfectly^  known.  Three  periods  are  recognized  in  the 
history  of  the  drift  of  the  Lake  Superior  region:  (1)  ^The  period  of 
the  grooving  and  polishing  of  the  rocks/  which  '  must  be  considered 
as  the  dawning  of  the  drift  epoch;'  (2)  a  period  of  comparative  qui- 
escence, extending  over  a  long  period  of  time  and  during  which  the 
stratum  of  red  clay  was  deposited.  This  is  the  second  era  of  the  drift. 
(3)  The  overlying  stratum  of  sand  and  gmvel  presumably  formed  by 
water,  but  at  higher  levels  than  the  clay  and  indicating  a  still  further 
depression  of  the  land.  This  period  characterized  by  intervals  of 'agi- 
tation and  repose.  He  considered  that  earthquake  waves,  according 
to  H.  1).  Rogers's  ingenious  theory,  mUjht  be  responsible  in  part  for 
the.se.'' 

The  tmnsportation  of  the  bowlders,  he  thought,  took  place  at  the 
clo.se  of  the  drift  epoch. 

In  another  article  in  the  American  Journal  of  Science  for  the  same 
year  (1S52),  concerning  the  post-Pliocene  of  the  Southern  States  and 
its  relation  to  the  Laurentian  of  the  North  and  the  deposits  of  the 
Mississippi  Valley,  Desor  attempted  to  account  for  the  large  l)owlders 
in  the  drift  of  Long  Island  by  means  of  ice  rafts.  The  bowlders  in 
the  post-Pliocene  of  the  Southern  Stati*s  were  doubtfully  referred  to 
water  action  only. 

Desor,  according  to  Marcou,  was  a  German,  who  had  come  to  Amer- 
ica as  private  secretary  to  Agassiz,  and  whatever  views  he  may  have 
had  on  glaciation  or  other  scientific  subjects  maybe  regarded  as  mainly 
absor])ed  rather  than  learned  from  observation.  Through  becoming 
over-presumptuous  he  had  a  falling  out  with  his  master,  which  resulted 
in  his  discharge  in  1848  and  return  to  (Termany  in  1852,  passing  thus 
beyond  the  limits  of  our  field  of  study. 

J.  D.  Dana,  as  already  noted,  served  as  geologist  in  the  I'nited 
States  exploring  expedition  under  Captain  Wilkes,  during  the  years 
1838-42.     The  results  of  his  observations  during  this  time^are  embod- 
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ied  in  the  tenth  volume  of  the  reports  of  the  expedition,  a  ro^^al  octavo 
of  756  pages,  with  a  folio  atlas  of  21  plates.     Many  of 
Bxpiorinff  the  conclusions  given  in  this  volume  were  first  pub- 

lished in   the  columns  of   the   American   Journal   of 
Science,  and  have  already  received  attention. 

One  of  the  earliest  results  of  Dana's  work,  as  here  chronicled,  was* 
the  establishment  of  the  principle  that  temperature  influences  the 
growth  and  distribution  of  corals.  A  claim  to  priority  in  this  discov- 
ery was  made  by  James  P.  Couthouy,  and  brought  about  a  personal 
controversy  somewhat  bitter  between  the  two  authors.  This  has  been 
alluded  to  elsewhere  (p.  373). 

The  existence  of  harbors  about  the  coral-bound  reefs  Dana  attrib- 
uted largely  to  the  action  of  tidal  and  local  marine  currents,  though 
the  presence  of  fresh-water  streams  may  have  contributed  toward  the 
same  end. 

He  rejected  the  then  popular  theory  of  the  formation  of  coral  reefs 
and  atolls  through  the  gradual  subsidence  of  volcanoes,  the  crater  cor- 
responding to  the  lagoon  and  the  rim  to  the  belt  of  land,  though 
believing  that,  beyond  question,  a  subsidence  had  taken  place  through- 
out a  large  part  of  the  Pacific,  and  hence  that  subsidence  must  form 
a  part  of  any  true  theory  of  the  origin  of  the  reefs. 

He  believed  that  the  atoll  once  formed  a  fringing  reef  about  a  high 
island.  This,  as  the  island  subsided,  became  a  barrier  reef,  which 
continued  its  growth  while  the  land  slowly  disappeared.  The  area  of 
waters  within  finally  contained  the  last  sinking  peak,  which  itself 
finally  disappeared,  leaving  oi\ly  the  barrier  at  the  surface  and  an 
islet  or  two  of  coral  in  the  inclosed  lagoon. 

These  were  essentially  the  views  put  forward  independently  by  Dar- 
win. The  recent  work  of  the  younger  Agassiz  has  shown  them  to  be 
not  wholly  correct. 

From  the  actual  extent  of  the  present  coral  reefs  and  islands  Dana 
inferred  that  the  whole  amount  of  high  land  lost  to  the  Pacific  by  this 
subsidence  was  at  least  50,000  square  miles,  probably  much  greater, 
though  he  would  not  go  so  far  as  to  conclude  that  a  continent  once 
occupied  the  place  of  the  present  ocean,  or  indeed  of  a  portion  of  it. 

In  the  discussion  of  the  Hawaiian  volcanoes  it  was  noted  that  no 
apparent  connection  existed,  so  far  as  indicated  by  the  phenomena  of 
eruption,  between  Mount  Loa  and  Kilauea,  16  miles  distant  and  more 
than  10,000  feet  lower.  It  was  therefore  concluded  that  the  two 
conduits,  which  he  assumed  were  once  connected  by  a  fissure,  had 
become  isolated  through  the  solidifying  of  the  lava  between  them,  each 
conduit  being  possibly  a  separate  branch  of  some  deep-seated  channel. 

The  wide  difference  in  the  height  of  the  columns  of  lava  in  two  vol- 
canoes so  near  together  as  those  noted  above  caused  him  also  to  doubt 
the  statement  so  commonly  made  by  writers  of  that  day  to  the  effect 
that  volcanoes  were  safetv  valves.  L.,y,u^t.uuy  ^^^^^^^ 
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Assuredly,  if,  while  Kilaiiea  i^  open  on  the  flanks  of  Mount  I^)a  —  a  vast  j^ulf  ',i\ 
miles  in  diameter  —  lavas  still  rise  and  are  poured  out,  Kilauea  is  no  safety  valve 
even  to  the  area  covereci  by  this  single  mountain  alone. 

The  conclusions  based  upon  the  study  of  these  Hawaiian  volcanoes 
were  to  the  effect  that: 

1.  The  majority  of  the  Pacific  volcanic  summits  were  formed  from 
successive  eiTiptions  of  molten  rock,  alternating  sometimes  with  cinder 
or  fragmentary  ejections. 

2.  That  the  eruptions  are,  in  general,  the  result  of  a  rising  or  ascent 
of  the  lavas,  owing  to  the  inflation  by  heat  of  such  vaporizable  sub- 
stances as  sulphur  and  water,  the  overflow  or  lateral  outbreak  taking 
place  in  consequence  of  the  increased  pressure  from  gravity  and  from 
the  elasticity  of  the  confined  vapors,  the  contraction  of  the  earth's  sur- 
face being  no  more  necessary  for  an  eruption  than  the  contraction  of 
the  sides  of  a  pot  of  water  to  make  it  boil. 

He  concluded  further  that  volcanic  action  usually  proceeded  from 
fresh  water  gaining  access  to  a  bi-anch  belonging  to  some  particular 
outlet  or  vent,  and  not  to  a  common  channel  at  greater  depth.  The 
lack  of  sympathetic  action  between  two  neighboring  vents  was  thus 
explained  on  the  ground  that  the  union  of  their  channels  "took  place 
far  below  the  level  to  which  the  waters  that  ordinarily  feed  the  fires 
gain  access." 

To  the  elevation  theories  of  volcanic  ci*aters  advocated  by  Von  Buch 
he  took  exception,  as  he  did  also  to  the  theor}'  of  Bischoff,  who 
appealed  to  the  internal  igneous  fluids  for  the  source  of  volcanic  action. 

The  highly  feldspathic,  coarsely  crystalline,  and  solid  centers  of 
certain  volcanic  mountains,  in  contrast  with  the  more  vesicular  and  less 
dense  outer  portions,  he  rightly  ascribed  to  slowness  in  cooling,  the 
central  mass  being  protected  on  all  sides  from  the  external  air.  Inci- 
dentally he  discussed  a  problem  which  has  become  known  to  modern 
petrogmphers  as  that  of  magmatic  differentiation.  He  argued  that, 
given  a  largo  crater  like  that  of  Kilauea,  the  rise  of  the  lavas  through 
the  center  would  be  accompanied  by  a  descending  current  along  the 
side,  though  of  less  distinctness.  The  essential  constituents  of  a  rock, 
for  example,  being  augite  and  feldspar,  wherever  the  temperature  of 
the  liquid  mass  becomes  sufficiently  lowered,  there  the  feldspar  will 
commence  to  solidify  or  will  slowly  stiffen  in  the  midst  of  the  fluid 
material  made  up  of  the  other  ingredients.  Under  these  conditions 
the  ascending  vapors  v^ould  urge  the  feldspar  upward  much  less  freely 
than  the  more  liquid  part  of  the  lava,  for  the  latter  would  yield  more 
readily  to  the  inflating  vapors  and  thus  become  lighter  and  rise  to  the 
surface.  This  process,  going  on  throughout  the  whole  progress  of 
the  cone,  would  keep  the  center  feldspathic  below  a  short  distance 
from  the  summit.  The  residue  from  the  feldspathic  crystallization, 
consisting  of  ferruginous  silicates,  would  be  brought  upward  in  the 
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form  of  a  frothy  .scoria  which  must  on  either  side,  in  part,  return  to 
supply  the  place  of  the  ascending  current.  On  cooling,  then,  the 
more  basaltic  portions  would  constitute  this  exterior  descending  part. 
Thus,  a  feldspathic  center  and  basaltic  flanks  would  be  the  result  of 
one  and  the  same  process.  This  feldspathic  center,  further,  by  being 
inclosed  within  a  thick  covering  of  rocks,  would  cool  slowly,  forming, 
perhaps,  disseminated  crystals  in  the  earthy  ba^^e,  or,  if  cooling  suffi- 
ciently slowly,  a  crystalline  granular  mass  like  granite  or  syenite. 
He  recognized  the  fact — 

that  particular  rocks  have  no  necessary  relation  to  time,  excepting  so  far  as  time  is 
connected  with  a  difference  in  the  earth's  temperature  or  climate  and  also  in  oceanic 
or  atmospheric  pressure,  for,  if  the  elements  are  at  hand,  it  retjuires  only  different 
circumstances  as  regards  pressure,  heat,  and  slowness  of  cooling  to  form  any  igneous 
rock  the  world  contains. 

The  date  of  the  beginning  of  volcanic  activity  on  the  Hawaiian 
Islands  he  placed  as  far  back  as  the  early  Carboniferous  or  Silurian 
epoch,  and  believed  that:  (1)  There  were  as  many  separate  rents  in  the 
region  as  there  are  now  islands;  (2)  that  each  rent  was  widest  in  the 
southeast  portion;  (3)  that  the  southernmost  rent  was  the  largest,  and 
(4)  that  the  order  of  extinction  of  the  volcanoes  wa«  as  follows: 

1.  Kauai. 

2.  Western  Oahu. 

3.  Western  Maui  (Mount  Eeka). 

4.  Eastern  Oahu. 

5.  Northwestern  Hawaii  (Mount  Kea). 

6.  Southeast  Maui  (Mount  Kale-a-kala). 

7.  Southeast  Hawaii  (Mount  Loa). 

From  the  general  arrangement  of  the  islands  in  the  Pacific  and  the 
study  of  the  phenomena  connected  therewith  the  conclusion  was  reached 
that  the  Hawaiian  group  originated  in  a  series  of  rents  or  ruptures 
seldom  continued  at  the  surface  for  a  long  distance,  but  frequently 
advancing  successively,  one  after  the  other,  causing  the  resultant 
islands  to  appear  in  the  form  of  a  curve  rather  than  a  straight  line, 
and,  further,  it  was  announced  that:  (1)  While  straight  ranges  are  of 
occasional  occurrence,  curved  ranges  are  still  more  gommon;  (2)  that 
curvature  may  arise  either  from  a  gradual  change  of  trend  in  the  sub- 
ordinate parts  or  from  the  position  of  these  parts  in  a  series;  (3)  that 
the  same  great  chain  may  change  its  direction  60^  or  more,  and  con- 
sequently (4)  the  course  of  a  mountain  chain  can  be  no  evidence  of  its 
age.  In  this  it  will  be  observed  he  differed  radically  from  Elie  de 
Beaumont. 

Dana  noted  further  that  the  Pacific  islands  were  arranged  mainly  in 
two  systems  of  linear  groups  nearly  at  right  angles  with  each  other, 
the  linear  groups  being  based  on  a  series  of  ruptures  instead  of  a 
single  uninterrupted  fissure.     The  prevailing  uniformity  of  trend  of 
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these  li}^.siires  or  ruptures  he  believed  to  be  due  both  to  the  nature  of 
the  crust  fractured  and  the  direction  of  the  fracturing  forces.  He 
accepted  the  doctrine  of  an  earth  cooled  from  a  state  of  fusion,  and 
regarded  the  influence  of  electric  currents  on  the  position  of  conti- 
nents in  process  of  formation  as  an  established  fact.  An  outer  crust 
having  once  formed,  the  deep-seated  crystallization  would  go  on  at  a 
rate  inconceivably  slower,  and  circumstances  would  be  favorable  for 
a  coarse  crystallization  of  the  material  below  and  for  the  operation  of 
electrical  currents.  The  rupturing  force  he  believed  to  be  contraction 
caused  by  cooling.  He  argued  that  a  cooling  globe  incrusted  over  by 
refrigeration  while  conti'action  was  still  going  on  beneath  would,  like 
a  Prince  Rupert's  drop,  be  in  a  state  of  tension.  Such  a  tension  is 
bound  to  produce  fractures  and  displacements,  the  direction  of  which 
would  depend  on  rate  of  cooling  in  different  parts  and  on  the  change 
in  the  earth's  oblateness  accompanying  a  diminution  of  its  diameter. 
He  concluded,  from  the  absence  of  volcanoes  in  the  interior  of  conti- 
nents, that  these  portions  of  the  globe  cooled  first  and  became  solid; 
the  intermediate  portions  cooling  later  and  at  a  less  rapid  rate  con- 
tracted most,  since  the  crust  was  here  thinnest.  The  oceanic  areas 
would  therefore  be  gradually  subsiding  and  the  tension  increasing: 
moreover  the  tension,  from  its  nature,  would  be  exerted  nearly  hori- 
zontally. He  inferred,  therefore,  that  the  subsiding  oceans  hav'e  pro- 
duced the  mountains  of  the  continents,  and  that  the  oceanic  and 
continental  areas  have  never  changed  places,  and  saw  no  reason  for 
appealing  to  an  incomprehensible  subterranean  force  for  the  uplift- 
ing of.  the  mountain  chains  or  the  continents.  Such  may  have  been 
''only  a  result  on  the  whole  of  the  deepening  of  the  ocean's  bed. 
It  is  obvious  *  *  *  that  the  earth  has  reached  its  present  con- 
dition by  gradual  progress  from  a  state  of  prolonged  igneous  action 
through  epochs  of  increasing  quiet,  interrupted  by  distant  periods 
of  violence,  to  the  present  time,  when  even  the  gentlest  oscillations 
of  the  crust  have  almost  ceased."  These  same  ideas  he  had  previously 
put  forward  in  a  paper  in  the  American  Journal  of  Science  on  the 
Origin  of  some  of  the  Physical  Features  of  the  Earth's  Crust,  noted 
elsewhere. 

In  his  discussion  of  the  origin  of  the  coal  beds  of  New  South  Wales, 
Dana  concluded — 

that  the  layers  of  the  coal  series  were  probably  deposited  by  fresh-waters  during  the 
different  stages  of  annual  floods  and  wider  deluges  oeourring  at  more  distant  p)eriods; 
that  the  subsidence,  which  may  have  l^een  gradual  during  the  coal  deposits,  finally 
submerged  the  whole. 

Another  important  observation   bearing  on  the  same  subject  was 
made  when  writing  on  the  geology  of  Luzon  and  its  coal  beds: 

One  of  the  interesting  points  alx)ut  this  lake  (Laguna  de  Bay)  is  the  fact  that  vast 
quantities  of  plants  live  on  its  surface  and  pass  down  the  river  intol^e  bay,  carry- 
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iiig  along  great  minibers  of  frt^sh-water  snails  of  tlifferent  HiHJcien.  Hi*n»  we  have, 
therefore,  frenh- water  shellH  and  vegetation  whit-h  is  not  marine  aecuiunlating  under 
salt  water,  for  they  sink  after  a  while  and  must  l)eeonie  buried  in  the  mud  of  the 
iK^ttom,  along  with  the  remains  of  marine  life.  This  floating  vegetation  illustrates  a 
theory  with  regard  to  the  vegetation  of  the  coal  beds. 

The  gold  excitement  of  California  in  1848-49  drew  attention  to  a. 

region  the  geology  of  vvhicli  was  practical ly  unknown.      Fremont's 

expedition  to  California  and  Oregon  in  1848-44  wa.s  not  accompanied 

by  a  geologist,  and   the   few  fosnils   collected  were 

Tygon's  Work  in  /        .,®   _    ,"    _,'  __  .,         .,  __  ,        ^^  ,. 

Cauiornia,  described  by  James  Hall,     oome  ^otes  on  the  Cali- 

fornia  Gold  Region,  six  pages  only,  were  given  by 
C.  S.  Lyman  in  the  American  Journal  of  Science  for  1849,  while 
J.  D.  Dana  had  touched  upon  the  subject  during  his  return  overland 
after  the  disaster  to  the  Wilkes  Exploring  Expedition.  The  main 
gold-bearing  area  was,  therefore,  practically  an  unknown  land.  The 
appeai*ance  in  1850  of  Philip  T.  Tyson's  Geology  and  Industrial 
Resources  of  California  was  consequently  important.  Tyson  seems 
to  have  gone  to  California  in  1849  as  a  private  citizen,  but  so  great 
was  the  demand  for  information  concerning  the  region  that  on  his 
return  he  made  a  report  to  Col.  J.  J.  Al>ert,  which  was  printed  as  a 
Senate  document  the  year  following. 

In  this  report  Tyson  gave  eight  sections  across  the  gold  country, 
two  of  which  extended  from  the  coast  to  the  Sierras.  These  were  pub- 
lished as  mere  outlines,  showing  the  direction  of  the  dip  of  the  rocks, 
but  with  no  pretense  to  scale.  He  described  the  western  flank  of  the 
Sierras  as  consisting  of  a  vast  mass  of  metamorphic  and  hypogene 
rocks,  stretching  from  the  Sacramento  Valley  to  the  axis  of  the  moun- 
tains. The  metamorphic  rocks,  mainly  slates,  contained  the  veins  of 
auriferous  quartz,  through  the  breaking  down  of  which  had  been 
derived  the  gold  found  in  the  gravels  of  the  ravines. 

Making  all  due  allowance  for  Tyson's  laudable  desire  to  check  the 
wide  and  rapidly  spreading  excitement,  bordering  almost  upon  insan- 
ity, caused  by  grossly  exaggerated  accounts  of  the  richness  of  the 
mines,  still  it  would  seem  as  if  through  overzealousness,  or  perhaps 
through  actual  ignorance,  he  underestimated  their  value,  both  to  his 
own  and  others  detriment.  But  it  must  be  remembered  that  at  that 
time  and  in  that  remote  region,  deposits,  either  placer  or  in  veins, 
that  could  to-day  be  profitably  worked,  were  valueless.  He  warned 
prospective  investors  that  the  large  bodies  of  gold-bearing  quartz  found 
on  the  surface  would  if  followed  be  found  to  be  *' nothing  more  than 
descending  veins  securely  held  between  solid  rocks,  and  that  the  cost 
of  mining  such  was  enormous,  whilst  the  chances  were  almost  wholly 
against  their  containing  gold  in  proportion  that  would  pay  expenses.'' 
Indeed,  Tyson  regarded  the  prospect  of  a  profitable  mining  of  the 
veins  as  *' altogether  too  remote  and  uncertain  to  be  relied  on.'' 
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During''  the  session  of  1847-48  the  legislature  of  Maryland  passed  an 
aet  providing  for  the  appointment  and  commission  of  a  "iDerson  of 
ability,  integrity,  and  suitable  practical  and  scientific  attainments," 
who  should  act  as  agricultuml  chemist  for  the  State. 


Hiflrflrins's  Work  in 


Mao'iand,  These  re(juirements  seem  to  have  been  met  in  the  per- 

son of  Dr.  James  Higgins,  who  received  the  appoint- 
ment and  held  the  office  until  1858,  during  which  time  he  issued  five 
reports.  The  office  was  not  really  a  geological  one,  and  the  matter  is 
mentioned  here  as  bearing  upon  the  subject  only  indirectly.  During 
the  session  of  1858  bills  were  brought  before  the  legislature  to  have 
the  title  of  the  office  changed  to  geologic  and,  again,  to  chennift  and 

qeologist.      Both,  however, 
"^  I    JK-r''''"       bailed.      Higgins  was  suc- 

^^  ceeded  in  1851)  by  the  Philip 

J^^^  Tyson  above  noted,  whose  first  report  of  145 

mM  \  octavo  pages  and  appendix  of  20  pages  was 

V^i  ^g         f  issued  February  14, 1860.     Like  the  reports 

^^^F^^      ^  of  his  predecessor,  this  was  given  up  very 

^^^EL    ^^^^  largely  to  a  discussion  of  agricultural  ques- 

^t^^^fT^^L  tions,  but  contained  chapters  on  the  Min- 

^^^^^^HL  erals  Comprising  the  Rocks  of  the  State; 

^^■1^^^^^^^^  The  Mineral  Character  of  Rocks;  The  Con- 
^^^F  ^^^^^^^H  sideration  of  the  Rocks  as  Grouped  into 
^^^f  ^^^H^^^Ih  Geological  Formations,  and  also  their  Geo- 
graphic Distribution  in  Maryland;  and  on 
Chemical  and  Physical  Geology,  in  which 
the  question  of  the  origin  of  soils  through  rock  weathering  was 
discussed. 

The  main  interest  in  the  work,  from  our  present  standpoint,  lies  in 
the  colored  geological  map  (and  sections)  which  accompanied  it,  and 
which  had  the  merit  of  being  the  first  special  map  of  the  State,  the 
area  having,  of  course,  been  included  in  the  general  maps  of  Maclure 
and  others.  The  various  formations  were  classified  according  to  the 
scheme  of  Rogers  for  the  map  of  Pennsylvania,  and  a  table  given 
showing  which  of  these  w^ere  found  within  the  State  limits.  The  second 
report,  which  appeared  in  1862,  comprised  92  pages,  and  was  given 
over  almost  wholly  to  a  discussion  of  economic  questions,  including 
the  soils  and  ores,  coal,  marbles,  clays,  etc.  From  the  presence  of 
fossil  cycads,  found  associaU»d  w  ith  the  iron  ores,  Tyson  was  disposed 
to  consider  these  and  the  clajs  in  which  they  occur  as  belonging  tx3  the 
oolitic  period. '^ 

^'  L.  F.  Wanl,  in  liis  pai)er  in  the  Nineteenth  Annual  Report  of  the  U.  S.  iTeolog- 
ical  Survey,  1897-98,  puts  these  down  as  Cretaceous  (Potomac). 


Fig.  51.— Philip  Thomas  TyKon. 
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CHAPTER  V. 

THE  ERA  OF  STATE  SURVEYS,  THIRD  DECADE,  1850-1859. 

The  period  of  financial  depression,  whieii  proved  so  fatal  to  the 
State  sun-eys  during  the  last  decade,  had  run  its  course.  Several 
new  States  had  in  the  meantime  been  added  to  the  Union,  some  of 
which  showed  commendable  promptness  in  authorizing  geological  sur- 
veys. New  organizations  were  thus  formed  in  fourteen  States,  eight 
of  which  had  made  no  previous  attempt.  These  eight,  in  alphabetical 
order,  are  California,  Illinois,  Iowa,  Kentucky,  Mississippi,  Missouri, 
Texas,  and  Wisconsin.  Six  States  for  the  second  time  undertook 
the  work— Michigan,  New  Jersey,  North  and  South  Carolina,  Ten- 
nessee, and  Vermont.  The  National  Government  was  also  active,  the 
most  important  undertaking  being  the  surveys  in  connection  with  the 
proposed  Pacific  railways.  In  addition  to  these,  Capt.  K.  B.  Marcy 
made  a  survey  of  the  Red  River  region  of  Louisiana,  Maj.  W.  H. 
Emory  one  of  the  Mexican  boundary,  and  Colonel  Pope  one  into  the 
arid  region  of  New  Mexico  along  the  thirty-second  parallel.  To  each 
and  all  of  these  expeditions  geologists,  or  at  least  naturalists,  were 
attached.  In  the  British  provinces  Logan's  survey  was  doing  good 
service,  while  Dawson,  alone  and  unofficially,  was  working  in  Nova 
Scotia. 

This  was  an  era  of  pubUcation,  not  merely  of  reports,  but  of  books. 
Emmons's  American  Geolog}^  Dawson's  Acadian  Geology,  Hitchcock's 
Geology  of  the  Globe,  Lesley's  Manual  of  Coal  and  his  Iron  Manu- 
facturer's Guide,  Owen's  Key  to  the  Geology  of  the  Globe,  and  Whit- 
ney's Metallic  Wealth  of  the  United  States  were  among  the  more 
important  local  productions.  The  publication  of  by  far  the  greatest 
importjince  of  this  decade  was,  however,  the  long-delayed  report  of 
the  Pennsylvania  survey,  to  which  allusion  has  been  made  elsewhere 
two  ponderous  quartos  which  were  truly  epoch-making,  although 
many  of  the  more  striking  features  had  found  their  way  into  print 
elsewhere.  The  issuance  of  Murchison's  Siluria,  the  ninth  edition  of 
Lyell's  Principles,  and  F.  Roemer's  Die  Kreidebihlungen  von  Texas 
were  also  matt(»rs  worthy  of  note.  Hit<hcock's  Surface  Features 
belongs  to  this  era,  and  marked  the  beginning  of  systematic  study 
along  lines  of  ph3'siography.  Among  the  new  names  will  be  found 
those  of  W.  P.  Blake,  J.  W.  Dawson,  Leo  Lesquereux,  Oscm*  Lieber, 
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Wiiliam  Lo^n,  James  (i,  Pereival,  J.  S.  Newberry,  James  Safford, 
G.  C.  Swallow,  Alexander  Winchell,  and  Amos  H.  Worthen. 

An  agricultural  and  geological  surve}^  of  Mississippi  was  inaugu- 
i*ated  in  connection  with  the  State  University  through  an  act  of  the 
legislature  approved  March  5,  1850.  Under  this  act  Dr.  John  Mil- 
Miiiinffton  and  Hngton  was  appointed  professor  of  geology  and  agri- 
MiM^ippirisio-  ('ulture,  in  connex^tion  with  the  professorship  of 
*^*^*  chemistry,  which  he  already  held.     Professor  Milling- 

ton,  however,  relinquished  the  situation  the  latter  part  of  1850  with- 
out having  made  a  report,  and  in  1852  was  succeeded  by  Prof.  B.  L.  C. 
Wailes.  Professor  Wailes  made  but  one  report,  this  an  octavo  vol- 
ume of  356  pages  and  an  appendix.  Of  this,  but  pages  207  to  288 
deal  with  matters  strictly  geological.  The  work  is  by  no  means  of  a 
high  order  and  made  no  permanent  impression  upon  the  science  of 
geology  either  in  the  State  or  country  at  large.  His  colored  sections 
are  crude  and  the  language  pedantic.  In  fact,  there  is  scarceh'  a  sin- 
gle original  observation  which  can  be  unhesitatingly  accepted,  owing 
to  the  general  air  of  unfamiliarity  with  the  subject  that  everywhere 
prevails. 

He  made  no  attempt  to  classify  the  rocks  he  described  otherwise 
than  Cretaceous,  Tertiary,  and  Quaternar}',  and  inferential ly  classed 
among  the  latter  the  sandstones  of  the  Grand  Gulf  group,  which  he 
mentioned  as  overlying  the  Diluvial  gravel.  He  traced  correctly, 
according  to  Hilgard,  the  northern  limits  of  Grand  Gulf  formation 
from  the  Mississippi  across  the  Pearl  River  to  Bmndon,  and  described 
its  occurrence  in  southwestern  Mississippi. 

In  1851  Ebenezer  Emmons,  heretofore  connected  with  the  survey  of 
New  York,  was  appointed  State  geologist  of  North  Carolina,  a  posi- 
tion he  continued  to  hold  until  the  time  of  his  death  in  1863,  though  the 
„   „  .  „.   .    work  of  the  survev  came  to  a  close  in  1860,  owine:  to 

E.  Bramons's  Work  i  i        .    i  *^     .    -i  t-«  .         i 

in  North  Caroiiiui.  the  Outbreak  or  the  civil  war.  Emmons  was  a*ssisted  by 
his  son,  Ebenezer  Emmons,  jr.,  and  during  his  period 
of  office  issued  live  reports,  the  first,  bearing  the  date  of  1852,  forming 
an  octavo  pamphlet  of  181  pages.  It  related  principally  to  the  geology 
of  the  eastern  counties  and  the 'coal.  Emmons  recognized  the  fact 
that  the  <*oal-bearing  rocks  of  North  Carolina  were  not  of  the  same  age 
as  those  of  Pennsylvania,  and  regarded  them  as  presumably  of  the 
same  age  as  those  of  the  Richmond  coal  fields,  which  at  that  time  were 
thought  by  Prof.  \V.  B.  Rogers  to  be  Liassic,  though  Emmons  (jues- 
tioned  if  they  might  not  be  Permian  or  Triassic. 

The  finding  of  saurian  remains  in  the  sandstones  he  regarded  as 
pointing  to  their  possible  Permian  age,  tliough- 

The  ineaj^er  list  of  plants  and  animals  *  *  *  furnish  only  jrrounds  for  conjec- 
ture to  what  age  the  formations  belong.  My  opinion,  derived  from  all  the  facts  and 
circumstances  known  to  me,  inclines  me  to  adopt  the  belief  that  it  is  the  upper  New 
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Red  sandstone.  Still,  if  the  Ricbmoud  coal  baain  Ih  of  the  same  a^e  as  the  coal  rocks 
of  North  Carolina,  geologists  will  be  disposed  to  place  the  series  along  with  the 
Oolites  or  Lias,  as  Profs.  W.  B.  Rogers  and  Sir  Chas.  Lyell  have  done.« 

Emmons  in  this  work  rejected  completely  the  old  Werner ian  classi- 
fication of  (1)  Primitive,  (2)  Transition,  and  (3)  Tertiary,  and  intro- 
duced that  given  in  tabular  form  below.  It  seems  to  have  met  witli 
little  favor,  and  was  not,  so  far  as  the  present  writer  is  aware,  adopted 
in  a  single  insta  ce  elsewhere. 

EMMONS's   ROCK   CLASSIFICATION,  PROPOSED   IN    1852. 

L  Pyrocrystalline — crystallized  by  the  agency  of  fire.     Primary  of  authors. 
IL  Pyroplastic — molded  by  fire.     Ancient  and  modem  volcanic  rock  of  authors. 
IIJ.  Hydroplastic — molded  by  water.     Sediments  of  authors. 

The  first  class  is  divided  into  two  sections: 

L  Unstratifieii  pyrocrystalline,  as  granite,  hypersthene  rock,  pyrocrystaUine  lime- 
stone, sienite,  magnetic  iron  ores. 

2.  Stratified  pyrocrystalline  gneiss,  mica  slate,  talcose  slate,  and  hornblende 
steatite. 

The  second  class  is  divided  into  two  sections,  also: 

1.  Modem  pyroplastic  rocks,  lavas,  tuffs,  pumice,  and  all  the  products  of  vok»noes, 
which  are  cooled  in  the  air. 

2.  Ancient  pyroplastic  rocks,  the  ancient  lavas,  cof)le<l  under  water,  basalt,  pt>r- 
phyry,  and  green  stone. 

The  third  class  is  divided  into  systems,  most  of  which  are  admitted 
by.  geologists  of  this  day. 

The  systems  l>elonging  to  the  class  of  hydroplastic  rocks,  the  con- 
solidated and  loose  sediments,  are  exhibited  in  the  following  table: 

1.  Tertiary  system: 

1.  Postpliocene. 

2.  Pliocene. 
3  Miocene. 
4.  Eocene. 

II.  Cretaceous  system: 

1.  Upper  Cretaceous,  including  the  true  chalk,  with  Hints. 

2.  Lower  Cretaceous,  including  the  green  sand,  iron  sands,  etc 

III.  Wealdon,  unknown  in  the  United  States. 

IV.  Oolite  and  Lias. 

V.  New  Red  Sandstone  or  Trias: 

1.  Upper. 

2.  Middle. 

3.  I^)wer. 

"At  a  meeting  of  the  Boston  Society  of  Natural  History  on  January  4,  18o4,  Prof. 
\V.  B.  Rogers  sunnned  up  the  evidence  regarding  the  hmI  sandstone  of  Virginia  and 
North  (/arolina,  and  found  it  "to  conHrm  the  conclusion  of  their  Jurassic  date.'* 
The  fossils  thus  far  formiHl  in  the  more  western  red  sandstone  helt  and  its  extension 
through  Pennsylvania  and  New  Jersey  showeil  this  also  to  be  Jurassic,  a  little  lower 
probably  than  that  of  Virginia  an<l  North  Carolina.  He  felt  that  there  was  little 
doubt  but  that  the  same  conclusions  would  apply  also  to  the  sandstone  of  the  Con- 
necticut Valley.  "'y' ""^^  "^  ^  -  -^  .L, 
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VI.  Permian  system. 
VII.  Carboniferous  system. 
VIII.  Devonian  system. 
IX.  Silurian  system. 

1.  Upper. 

2.  Lower. 

X.  Taconic  system. 

Knimons's  second  report,  comprising  351  pages,  was  issued  in  1856. 
It  related  chiefly  to  the  geology  and  mines  of  the  so-called  midland 
counties.  In  1858  his  Report  on  the  Agriculture  of  the  Eiistern  Coun- 
ties was  issued.  About  one-third  of  this,  notwithstanding  its  title, 
was  given  up  to  paleontological  matters.  In  1860  two  more  reports, 
both  short,  appeared — the  one  devoted  mainly  to  agriculture  and  the 
other  a  special  report  on  the  swamp  lands. 

In  the  report  for  1858  Emmons  announced  a  principle  which  has 
since  been  enunciated  in  somewhat  different  words  by  our  most  emi- 
nent authority  on  soils.     This,  in  his  own  words,  is  as  follows: 

In  the  examination  of  soils  the  physical  properties  require  as  much  attention  as 
tlie  (rliemical,  for  in  order  that  a  good  chemical  mixture  of  elements  may  l^e  fertile 
they  should  possess  a  certain  degree  of  adhesiveness  or  closeness  which  will  retain 
water. 

A  good  deal  of  attention  was  given  to  the  marls  of  the  State  with 
reference  to  their  availability  for  fertilizing  purposes,  though  he 
recognized  the  fr.ct  that,  unfortunately  for  the  best  interests  of  agri- 
culture, these  marls  are  too  sandy  to  bear  transportation  to  distant 
points. 

A  geological  surve}^  of  Illinois  was  organized  under  an  act  of  the 
genei-al  assembly  approved  February  17,  1851.  This  act  authorized 
the  governor,  auditor,  and  treasurer  to  employ  a  competent  geologist, 

who  was  required  to  make  ''a  complete  geological 
iiMnoSr*'i85i-?s57.   ^^^  mineralogical  survey  of  the  entire  territory  of  the 

State,"  and  provided  that — 

The  said  geologist  should  proceed  to  ascertain  the  order,  successive  arrangement, 
relative  position,  dip,  and  comparative  magnitude  of  the  several  strata  or  geological 
formations  in  the  State,  and  to  search  for  and  examine  all  the  beds  and  deposits  of 
ores,  coals,  clays,  marls,  rocks,  and  such  other  mineral  substances  as  may  present 
themselves;  to  obtain  chemical  analyses  of  the  same,  and  to  determine  by  baromet-' 
rical  observations  the  relative  elevation  of  the  different  portions  of  the  State. 

He  was  also  required  ''to  procure  and  preserve  an  entire  suite  of 
the  different  specimens  found  in  the  State,  to  be  preserved  and  prop- 
erly arranged  in  a  cabinet,  and  placed  in  the  office  of  the  secretary  of 
state  in  the  State  Capitol;"  and  eventually  'Ho  publish  with  the  final 
reports  a  geologictil  map  of  the  State." 

Under  the  provisions  of  this  act  Dr.  J.  (1.  Norwood  was  appointed 
State  geologist,  and  the  work  was  begun  in  October,  1851,   [)y  an 
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exainination  of  the  formations  exposed  in  the  bhiflfs  of  the  Ohio  River 
between  Shawneetown  and  Cairo. 

The  act  appropriated  the  sum  of  $3,000  a  ^ear  for  carrying  on  the 
work.  In  1853  the  amount  was  increased  to  $5,000,  with  $500  addi- 
tional for  topographical  purposes.  Up  to  January,  1857,  some 
$27,000  had  been  expended,  though  no  report  appears  to  have  been 
made. 

The  usual  trials  of  a  State  geologist  seem  to  have  come  upon  the 
path  of  Mr.  Norwood  and  perhaps  some  that  were  unusual.  Be  that 
as  it  may,  a  committee  was  appointed  to  investigate  the  conditions  of 
the  office.  The  committee  reported,  however,  that  in  their  belief  the 
money  had  been  well  expended,  a  large  amount  of  work  had  been  done, 
and  that  well  done,  and  they  recommended  an  appropriation  of  the 
sum  of  $6,500  to  enable  Mr.  Norwood  to 
complete  a  report  on  the  economic  resources 
of  the  State,  on  which  he  was  then  engaged. 

The  report  of  the  committee  seems,  how- 
ever, to  have  failed  of  its  purpose,  since  the 
only  outcome  was  a  small  octavo  pamphlet 
of  less  than  100  pages  devoted  wholly  to  a 
discussion  of  the  coals  of  the  i^tate,  accom- 
panied by  a  considerable  number  of  analyses. 
This  report  bore  the  date  of  1857,  and 
was  Norwood's  last  as  well  as  first.  ^  It  was 
accompanied  by  a  small,  one-page,  colored 
geological  map  of  the  State. 

Presumably,  all  members  of  the  legisla- 
ture were  not  as  favorably  disposed  toward 
Doctor  Norwood  as  were  the  members  of  the  investigating  committee, 
for  the  following  year  (1858)  he  was  supplanted  by  Mr.  A.  H.  Worthen, 
who  had  been  connected  with  James  Hall  on  the  State  survey  of  Iowa. 

In  1852  the  question  of  the  reestablishment  of  the  geological  sur- 
vey of  Indiana  was  agitated,  but  nothing  came  of  it  until  the  following 
year,  when,  acting  under  a  recommendation  of  Governor  J.  A.  Wright, 
^  ,  ^  the  legislature  made  a  small  appropriation  to  become 

Second  Attempt  at «  .,  Yi      •      t  '.mrV  ,      ,  .     * 

f^iana^isP^^^^  available  in  January,  1854.  With  this  for  a  begmnmg, 
the  governor  appointed  Dr.  Ryland  T.  Brown  State 
geologist.  The  venture  was,  however,  short  lived.  Brown  made  but 
one  report,  which  the  legislature  refused  to  publish,  and  at  the 
same  time  refused  further  appropriation  for  continuing  the  survey, 

«In  1855  Norwood,  in  connection  with  Mr.  Henry  Patton,  published  in  the  Jour- 
nal of  the  Academy  of  Natural  ScienceH  a  paper  comprising  some  77  pages  of  text 
relating  to  the  work  thus  far  done. 


Fig.  52.— Jf>sephGran  ville  Norwood. 
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Q.  a.  Shanuird't 
Work  In  1852. 


the  main  reason  given  for  such  action  being  an  overvaluation  of  the 
Indiana  coals  on  the  part  of  Brown.  The  report,  it  should  be  men- 
tioned, was  subsequently  published  in  the  report  of  the  board  of 
agriculture. 

In  1852,  in  compliance  with  a  resolution  of  the  United  States  Senate, 
Capt.   R.  B.   Marcy  was  directed  to  procreed  '^without  unnecessary 

delay  "  to  make  an  examination 
'li  of  the  upper  Red  River  and  the 
country  immediately  bordering 
upon  it  from 
the  mouth  of 
Cache  Creek 
to  its  sources.  The  officers  of 
the  expedition,  which  left  Fort 
Belknap,  Texas,  on  the  2d  of 
May,  consisted  of  Captain 
Marcy,  in  charge;  Bvt.  Capt. 
George  B.  McClellan,  U.  8.  En- 
gineer; andDr.G.Cr.Shumard, 
the  last  named,  in  addition  to 
his  duties  as  surgeon,  acting  as 
naturalist.  The  report  sub- 
mitted formed  an  octavo  vol- 
ume of  320  pages  with  65  plates, 
of  wljich  25  may  be  considered 
as  geological,  6  of  these  being 
of  invertebrate  fossils.  The 
geological  part  proper  com- 
prised but  32  .  pages,  which 
were  by  President  Eidward 
Hitchcock,  of  Amherst  Col- 
lege. The  invertebrate  fossils 
were  described  })y  B.  F.  Shu- 
mard. 

Dr.  (t.  (i.  Shumard's  report 
consisted  of  a  brief  summary  of 
the  geology  of  a  jwrtion  of 
northwestern  Arkansas,  which  he  considered  as  essential  to  a  proper 
understanding  of  that  which  was  to  follow,  succeeded  by  memo- 
landa  of  the  various  types  of  rocks,  minerals,  and  formations  passed 
over  each  day.  It  was  accompanied  by  a  colored  geological  sec- 
tion from  Fort  Belknap,  Texas,  to  Washington  County,  Arkansas*, 
showing  a  granitic  axis  Hanked  on  either  side  by  Carboniferous  lime- 
stone, in  its  turn  overlaid  by  Coal  Measures,  and  with  Cretaceous 
(leposit^s  between  Fort  Wichita  and  ('ross  Timl>ers  in  Texas. 
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HublMird  and  Dana 
on  Subaetial 
Erosion,  1852. 


vallev  bottom. 


IF^./ 


f. 


In  the  paleontological  report  by  Dr.  B.  F.  Shumard  there  were 
de.scril>ed  Carboniferous  fossils  from  Washington  and  Crawford  coun- 
ties, Arkansas,  and  Cretaceous  forms  from  Fort  Wichita  and  the  Cross 
Timbers  regions  of  Texas. 

Hitchcock,  in  his  report,  dwelt  particularly  on  the  possible  Carbon- 
iferous age  of  various  beds  of  coal,  reported  hy  Shumard,  and  the 
economic  value  of  the  gypsum,  as  well  as  the  ores  of  copper  and  gold. 
His  reference  to  the  canyons  of  the  Red  River  is  particularly  interest- 
ing in  view  of  his  early  writings  regarding  the  Connecticut  (p.  310): 

You  seem  in  doubt  whether  this  gorge  was  woru  away  by  the  river  or  is  the  result 
of  some  paroxysmal  convulsion.  You  will  allow  me  to  say  that  I  have  scarcely  any 
doubt  that  the  stream  itself  has  done  the  work.  The  fact  that  when  a  tril)utary 
stream  enters  the  main  river  it  passes  through  a  tributary  canyon  seems  to  me  to 
show  conclusively  that  these  gorges  were  produced  by  erosion  and  not  by  fracture. 

Two  papers  on  the  subjects  of  rock  deca}' 
and  erosion,  of  this  year,  are  worthy  of  con- 
sideration. Prof.  Oliver  P.  Hubbard,  of 
Dartmouth  College,  during  a  study  of  the 
trap  dikes,  noted  that  the  same  could  be 
traced  continuously  across 
the  country,  at  varying 
levels,  from  mountain  top  to 
From  this  fact  he  argued 
that  the  valleys  had  been  carved  out  through 
decomposition  and  erosion  since  the  dikes 
were  formed.  The  difference  in  altitude  at 
the  various  outcrops  gave,  then,  a  measure 
of  the  amount  of  erosion. 

Dana's  observations,  though  of  a  some- 
what different  nature,  were  none  the  less  interesting.  In  writing  on 
denudation  in  the  Pacific,  he  took  the  ground  that  the  ocean  is  power- 
leas  to  excavate  valleys  along  the  coast,  and  that  the  deep  valleys 
like  those  of  Tahiti  are  due  to  subaerial  decomposition  and  erosion, 
an  observation  no  geologist  of  to-day  would  venture  to  doubt. 

In  March,  1853,  by  resolution  of  the  senate  of  the  State  of  Califor- 
nia, Dr.  John  B.  Trask  was  called  upon  to  furnish  information  in 
relation  to  the  geology  of  the  State.  As  a  result  Doctor  Tmsk  sub- 
mitted material  issued  in  a  pamphlet  of  30  pages,  pub- 
lished by  the  assembly  in  the  session  of  1853.  By  a 
joint  resolution  which  passed  the  senate  and  assembly 
on  May  ♦>,  1853,  Trask  was  authorized  to  make  a  further  examination 
of  some  parts  of  the  Sierra  Nevada  and  Coast  Range  mountains.  As 
a  result  of  this  and  su])sequent  acts  there  were  issued  reports  on  the 
geology  of  the  region  mentioned  in  1854,  1855,  and  1856. 

Digitized  by  VjOOQ IC 


Fig.  M.— Oliver  Payson  Hubbard. 


Trask*t  Qeolofflcal 
Survey  of 
California,  1853. 


48<) 


RKPORT    OK    NATIONAL    MUSKUM,    IWH. 


The  cla-ssiHration  adopted  by  Ti*ask  was  that  of  the  older  geologists 
of  his  time,  the  rocks  being  divided  merel}'  into  Primary,  Secondary, 
and  Tertiary.  Although  fossils  were  found,  he  did  not  attempt  to 
describe  them,  and  seemed  in  most  ciises  to  fail  to  realize  their  value 
as  indicative  of  any  particular  geological  horizon.  His  ideas  regard- 
ing metamorphism  were  somewhat  ci*ude.  Thus,  he  stated  in  his  first 
report: 

It  is  a  well-known  fact  that  intrusive  dikes  of  trap  in  passing  through  limestone 
will  change  the  calcareous  formation  to  true  talcose  rcxjks. 

He  divided  the  State  into  three  divisions:  First,  a  primary  or  cen- 
tral district,  included  between  latitude  38^  SO'  and  40^  north;  second, 
the  northern  district,  included  between  40"^  and  42^  north;  and  third, 
the  southern  district,  included  between  38^  30'  and  36^  north.     The 

rocks  of  the  primary  district,  he  stated,  are 
for  the  most  part  primitive,  being  composed 
of  granite,  porphyry,  trap,  and  other  allied 
rocks,  of  which  serpentines  form  the  one 
important  part.  The  sedimentary  rocks  of 
the  district  were  divided  into  first,  argelite 
(hic)  slates;  second,  conglomerates;  and 
third,  sandstones,  the  last  named  being  re- 
garded as  probably  of  Miocene  age. 

The  rocks  in  the  northern  district  were 
descril)ed  as  of  essentially  the  same  charac- 
ter, a  few  minor  difl'erences  only  being  noted. 
The  southern  district  contained  many  rocks 
in  common  with  the  other  two,  although 
there  were  in  addition  many  basaltic  areas. 
He  found  a  primarx^  limestone  in  the  area  between  the  American  and 
Merced  rivers,  and^ evidence  of  at  least  three  successive  periods  of 
upheaval  in  this  portion  of  the  continent. 

In  his  second  report  he  described  the  geology  of  the  most  elevated 
portions  of  the  counties  of  Butte,  Sierra,  Yuba,  Nevada,  and  Placer; 
also  the  more  southern  counties  of  San  Francisco,  Santa  Clara,  Santa 
Cruz,  Monterey;  the  north  part  of  San  Luis  Obispo,  Tulare,  Mari- 
posa, Tuolumne,  Alameda,  Contra  Costa,  and  San  Joaquin.  During 
the  months  of  Octo])er  and  November  he  visited  Nevada  and  Calaveras 
counties.  He  pointed  out  the  presence  of  post-Pliocene  fossils  in 
argillaceous  sandstone  of  the  Coast  mountains  })etween  Point  Pinos 
and  Nacismiento  Kiver.    He  divided  the  Tertiary  rocks  as  below: 


Fig.  55.— John  Boardman  Trask. 
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FcrifMl.-  (;mii|>.  I  Where  frmnd. 

IvH-ene |  Middle i  Calavenu*  (bounty,  at  Murphys  and  other 

!       IcMralitieH.     B<mes  of  extinct  animals, 
I  !      etc. 

Miocene I  North  and  south  of  San  Francisco  in  the 

!  '      Coast  and   Monte  Diablo  mountains. 

Consisting  of  marine  shells,  with  most 
of  the  s|)ecie8  extinct. 

Coast    mountains    and    Gabilan    Spur. 
Also  in  cavern  deposits  in  Calaveras 
!      County. 

Post-Pliocene ,  Southwest  of  Monterey.     Marine  shells, 

all  of  existing  species. 


Pliocene ,  Lower. 


He  had  no  hesitation  in  saying  that  no  coal  would  be  found  in  any 
part  of  the  Coast  Range  south  of  the  thirty -fifth  parallel  of  north 
latitude,  though  the  presence  of  a  8upj>oscd  Carboniferous  limestone 
in  Shtista  County  led  him  to  express  a  hope  that  the  desired  material 
might  yet  be  found  within  the  limits  of  the  State.^  In  his  report  for 
1855  the  predominating  fossiliferous  rocks  of  San  Luis  Obispo  and 
Santa  Barbara  counties  were  considered  to  be  of  Miocene  age.  The 
San  Bernardino  Mountains  were  described  as  made  up  for  the  most 
part  of  primitive  rocks,  granite  forming  by  far  the  larger  part  of 
their  highest  ridges  and  peaks. 

In  this  connection  it  is  well  to  note  that,  at  the  request  of  A.  D. 
Bache,  of  the  Coast  Survey,  W.  P.  Blake  prepared  in  1855  a  brief 
paper  on  the  physical  geology  and  geography  of  the  coast  of  Cali- 
fornia from  Bodega  Bay  to  San  Diego.  Blake  regarded  the  sedi- 
mentary rocks  of  Punta  de  los  Reyes  as  probably  of  Miocene  age,  the 
sandstone  at  the  entrance  of  San  Francisco  Bay  as  Tertiary,  and  the 
metamorphic  rock  of  the  peninsula  as  an  altered  sandstone.  The  ser- 
pentine of  Lime  Point  was  shown  to  be  eruptive,  as  was  also  the 
granite  of  Cypress  Point  and  the  Bay  of  San  Carlos,  and  younger 
than  the  conglomerate. 

This  same  year  (1858)  there  was  organized  a  geological  survey  of  Mis- 
souri with.G.  C.  Swallow  at  its  head,  and  Dr.  A.  Litton,  F.  B.  Meek, 
Maj.  F.  Ilawn,  and  Dr.  B.  F.  Shumard  as  assistants.  Five  reports 
were  published.     The  first,  bearing  the  date  Novem- 

Swallow't  Qeolofflcal  ,         ^  J^ ^  ^^^  .   .     i      *  .    \  n  mi  i 

Survey  of  MiMourt,    bcr  10, 1853,  consisted  of  but  four  pages.     The  second, 

dated  1854,  comprised  over  400  pages,  including  the 

reports  of  the  assistants  above  mentioned.     None  of  the  sections  nor 

maps  given  were  colored,  nor  were  any  new  principles  or  striking 

«  These  hopes  were  partially  realized,  lipmite  coal,  but  of  Cretaceous  age,  ha\'ing 
been  found  and  to  some  extent  worke<i  in  Alameda,  Amador,  (^ontra  Costa,  Fresno, 
Kem,  Monterey,  Orange,  Riverside,  and  San  Bernardino  counties. 
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fcjitiircvs  brought  out.  The  work  a8  a  wholo  is  an  oxtreinely  unintoi- 
ostiu^  array  of  details,  essential  to  the  geographical  extension  of  geo- 
logical knowledge.  Some  space  was  devoted  to  economic  geology,  a 
consideration  of  soils,  etc.  Doctor  Litton's  report  consisted  almost 
wholly  of  details  of  lead,  copper,  and  iron  mines.  Perhaps  the  most 
important  economic  item  in  Meek's  report  was  his  calling  attention 
to  the  limited  area  of  the  coal  l>eds,  which  lie  in  narrow  basins  in  the 
encrinal  limestone. 

The  third  annual  report  of  progress  (6  pages)  appeared  in  1857, 
the  fourth  (U  pages)  in  1859,  and  the  fifth  (19  pages)  in  1861.  G.  C. 
Broadhead,  who  later  was  himself  State  geologist,  became  an  assistant 
during  1857-1801,  J.  G.  Norwood  in  1858-1861,  Henry  Engelmann  in 
1857,  and  Dr.  John  Locke  in  18t)(). 

During  the  period  Avhich  interv  ened  between  the  publication  of  the 
second  report  and  the  stopping  of  the  survey  in  1861,  a  large  portion 

of  the  State  had  been  visited  by  members  of 
the  corps,  and  full  reports  were  written  on 
the  following  counties:  Cape  Gimrdeau, 
Perry,  St.  Genevieve,  Jefferson,  Crawford, 
I*helps,  Pulaski,  Laclede,  Wright,  Ozark 
(including  Douglas),  Clark,  Morgan,  Miller, 
Saline,  Chariton,  Macon,  Randolph,  Shelby, 
Osage,  and  Maries. 

After  the  survey  had  been  discontinued 
the  legislature  authorized  L.  D.  Morse  and 
G.  C.  Swallow  to  publish  all  the  results  of 
the  work  of  the  previous  seven  years,  but 
the  project  was  a])andoned  on  account  of 
the  expense. 

While  nearly  all  the  State  and  land-office 
surveys  organized  up  to  1S50  had  economic  ends  in  view,  and  while, 
further,  numerous  papers  of  a  more  or  less  economic  character  had 
appeared  from  the.  hands  of  various  writers  from  time  to  time,  yet 
literature  relating  to  American  ore  deposits  remained 
scant  and  of  an  extremely  unsatisfactory  character. 
The  appearance  in  1854  of  Whitney's  Metallic 
W<»alth  of  the  United  States  marked,  therefore,  an  important  epoch. 
The  work  comprised  upward  of  500  octavo  pages,  and  though  writ- 
ten with  especial  reference  to  the  ore  deposits  of  the  United  States, 
contained  referen(H\s  to  those  of  all  the  principal  foreign  localities  as 
well  and  remained  the  standard  work  of  reference  up  to  the  time  of 
the  appearan<*e  of  Kemp's  Ore  Deposits  of  the  United  States  in  1893. 
Many  of  the  principles  set  down  by  Whitney  have,  naturally,  been 


l^arland  Carr  Broadhead. 


J.  D.  Whitney's 
Metallic  Wealth  of 
the  United  States, 

1854. 
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shown  to  be  erroneous,  an  he  himself  lived  to    recognize.      Thus, 
regarding  the  ociuirrence  of  gold,  he  wrote: 

In  general  it  may  be  said  that  the  older  the  geoloj^ical  formation  the  greater  the 
probability  of  its  containing  valuable  ore?  and  metaln. 

And  further: 

There  is  room  for  doubt  whether  the  great  gold  depoeits  of  the  world  did  not 
originate  exclusively  in  the  Paleozoic  strata,  since  we  are  not  aware  that  the  rocks 
which  have  been  proved  to  be  of  Azoic  age  have  been  found  to  l>e  auriferous. 

In  this,  it  will  be  noted,  he  followed  the  teaching  of  Murchison. 

To  the  reader  of  to-day  it  will  seem  scarcely  possible  that,  at  the 
date  of  Whitney's  writing,  there  were  no  mines  worked  for  silver 
alone  in  the  United  States,  the  supply  of  the  metal  coming  almost 
wholly  from  the  native  gold  of  California.  Argentiferous  galena  had 
been  worked  to  a  slight  extent,  as  at  the  Washington  mine  in  David- 
son County,  North  Carolina,  but  work  was  suspended  at  the  time 
of  his  writing.  How  little  the  silver  resources  of  the  West  were 
realized  is  shown  by  Whitney's  comment  on  the  rapid  increase  of  the 
gold  output  from  year  to  year  and  the  comparative  decrease  in  that  of 
silver,     lie  wrote: 

Silver  is,  in  a  geological  point  of  view,  the  metal  best  adapted  for  a  standard  of 
value,  since,  possessing  all  the  valuable  qualities  which  make  gold  suitable  for  that 
purimse,  it  is  not  liable  to  those  fluctuations  in  its  productiim  to  which  this  latter  is 
exposecl.  There  is  no  discovery  of  a  new  continent  to  be  looke<i  forward  to  whose 
mines  shall  deluge  the  world  with  silver,  and  any  increase  in  the  amount  of  tiiis 
metal  pro<hice<i  muht  come  chiefly  from  the  working  of  mining  regions  alreatly 
known. 

Y'et  Whitney  himself  lived  to  see  the  annual  output  of  American 
silver  become  so  great  as  to  practically  remove  it  from  the  list  of 
precious  metals  and  cause  it  to  be  rejected  for  all  but  subsidiary  coinage. 

Whitney  recognized  the  fact  that  none  of  the  deposits  of  lead  in  the 
Mississippi  Valley  could  be  considered  as  coming  under  the  head  of 
true  veins  (i.  e.,  fissure  veins),  and  that  the  productive  deposits  did 
not  generally  exceed  a  hundred  feet  in  thickness  in  the  Galena  (Lower 
Silurian)  limestone  immediately  overlving  the  Trenton.  No  ore  of 
consequence  was  known  to  occur  in  the  so-called  '''Blue  Limestone'' 
(Trenton,  Bird's-eye,  Chazy,  and  Black  River)  and  it  was  not  consid- 
ered probable  that  the  fissures  would  ever  be  found  to  extend  through 
the  intervening  sandstone  into  the  Lower  Magnesian  beds.  Sinking 
through  the  sand  into  these  latter  beds  was,  therefore,  considered  as 
mere  random  exploration  and  a  foolish  enterprise. 

He  classified  the  ore  deposits  as  (1)  simple  alluvial  deposits  which 
were  recognized  as  residual  from  the  decomposing  limestone;  (2) 
deposits  in  vertical  fissures  which  had  a  very  limited  longitudinal 
extent,  and  (3)  deposits  in  flat  sheets.     All  of  these  were  regarded  as 
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deposits  from  aqueous  solution  which  took  place  either  in  depressions 
of  the  surface  or  in  vertical  fissures  of  the  nature  of  ga«h  veins  pro- 
duced h}^  the  shrinkage  of  the  calcareous  strata/' 

These  views  differed  from  the  more  modern  in  that  it  is  now  deemed 
as  probable  that  the  ores  were  first  precipitated  in  an  ocean  in  which 
they  were  held  in  solution  as  sulphates  and  reduced  to  sulphides 
through  the  decomposing  organic  matter;  that  subsequently,  through 
the  action  of  percolating  surface  waters,  the  same  were  once  more 
oxidized,  segregated  in  the  fissures,  and  reduced  a  second  time  to  the 
condition  of  sulphides.  The  production  of  the  mines  in  the  Missis- 
sippi Valley  he  regarded  as  having  even  then  reached  its  maximimi. 

Whitney  recognized  the  eruptive  nature  of  the  Iron  Mountain 
masses  of  Missouri,  and  apparently  regarded  the  hematite  ores  of  the 
Lake  Superior  region  as  also  of  an  eruptive  nature  (see  also  p.  417), 
though  the  later  work  of  Van  Hise  has  shown  them  to  have  had  a 
chemical  origin.  Concerning  the  specular  and  magnetic  iron  ores  of 
New  York,  he  thought  to  have  found  the  evidence  of  direct  eruptive 
origin  as  perhaps  less  conspicuous,  many  exhibiting  appearances  of 
secondary  action,  such  as  might  have  been  brought  about  b}^  volcanic 
agencies  and  powerful  currents  which  swept  away  and  abi-aded  por- 
tions of  the  original  eruptive  masses,  '*  rearranging  their  particles  and 
depositing  them  again  in  the  depressions  of  the  strata."  The  lenticu- 
lar beds  of  ore  occurring  parallel  with  the  stratification  were  particu- 
larly referred  to  as  originating  in  this  way. 

A  year  later  (November,  1855)  Whitney  had  in  the  American  Jour- 
nal of  Science  an  article  on  the  changes  which  take  place  in  the  struc- 
ture and  composition  of  mineral  veins,  which  is  of  interest  in  connec- 
tion with  the  recent  revival  of  the  subject  of  secondary  enrichment  of 
ore  deposits.  He  here  described  the  now  well-known  copper  deposits 
of  Ducktown,  Tennessee,  and  the  supei*ficial  alteration  of  the  vein 
matter,  and  called  attention  to  the  fact  that  the  black  ore,  then  being 
mined,  was  formed  by  a  process  of  natural  concentration  by  surface 
water,  which  was  constantly  decomposing  the  material  al>ove  the  per- 
manent water  level  and  carrying  it  downward  to  the  point  where  it 
was  stopped  by  the  solid  portion  of  the  vein.  By  this  means  a  large 
portion  of  the  copper  once  disseminated  throughout  perhaps  100  feet 
of  vein  stone  liad  become  concentrated  into  a  thickness  of  perhaps  2 
or  3  feet. 

In  June,  1854,  Lewis  Harper,  or  properly,  Ludwig  Hafner,  was 
elected  by  the  tnistees  to  the  chair  of  geology  in  the  University  of 

«  Dr.  Henry  King,  in  a  sketch  of  the  geology  of  the  Mississippi  Valley,  read  l)efore 
the  A^«ociation  of  American  Geologists  and  Naturalists  in  1844,  and  printed  in  the 
American  Journal  of  Science  for  that  year,  argue<l  that  the  ores  of  zinc,  copper,  and 
lead  occurring  in  the  Cliff  limestone  were  deposited  contemporaneously  with  the 
nclosing  rock. 
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Mi8.si.ssippi,  which  act,  under  the  law,  constituted  him  also  as  State 
geologist,  and    Millington,  whose  work  is  mentioned  on  p.  43U,  w^as 
forced  to  lesign. 

Harper**  Work  in  "  i.  i        ,.  -    i  . 

MiMis^ppi,  111  1S55  Harper  wa«  relieved  of  a  portion  of  his 

duties  as  instructor  in  the  university  in  order  that  he 
might  personally  take  the  field,  and  an  appropriation  of  $1,000  secured 
for  the  employment  of  an  assistant  geologist,  which  place  was  offered 
to  Eugene  W.  Hilgard,  then  fresh  from  studies  at  Heidelberg.  Hilgard- 
and  Harper  worked  together  during  the  season  of  1855,  but  the  dual 
position  of  State  geologist  and  professor  in  the  university  proved  un- 
satisfactory to  the  trustees;  the  law  was  repealed  in  1856,  and  Harper 
also  forced  to  resign,  though  Hilgard  was  continued  as  an  assistant. 

At  the  legislative  session  of  1856-5T  Harper  succeeded  in  securing 
the  passage  of  an  act  providing  for  the  printing  of  the  second  annual 
report  of  the  agricultural  and  geological  survey  of  the  8tate  and  for 
other  purposes.  This  resulted  in  a  complete  separation  of  the  survey 
from  all  connection  with  the  State  university,  the  establishment  of  a 
geological  survey,  and  the  office  of  a  State  geologist  at  a  salary  of 
$2,000  a  year,  with  an  appropriation  of  $1,200  for  fitting  up  a  chem- 
ical laboratory.  Three  thousand  five  hundred  dollars  was  appropriated 
for  the  publication  of  Harper's  report.  Concerning  this  report,  Hil- 
gard remarks: 

It  need  only  be  said  that  it  is  a  literary,  linguistic,  and  scientific  curiosity,  and 
probably  unique  in  official  publications  of  its  kind.  It  waa  the  labored  effort  of  a 
sciolist  to  show  erudition,  and  to  compass  the  impossible  feat  of  interpreting  and  dis- 
cussing intelligently  a  considerable  mass  of  observations,  mostly  recorded  by  another, 
working  on  a  totally  different  plan  from  himself. 

The  report  contained  a  colored  geological  map  of  the  State  which, 
though  less  detailed,  coiTCsponded  in  a  general  way  with  that  pub- 
lished later  (1860)  by  Hilgard.  Indeed,  there  is  every  reason  for  sup- 
posing that  the  map  itself  was  compiled  largely  from  Hilgard's  notes. 
The  work,  like  its  predecessor,  had  little  influence  upon  geological 
thought,  and  was,  if  not  ignored,  unfavorably  reviewed  by  the  journals 
of  the  day.  The  circulation  of  this  report  throughout  the  State 
brought  discredit  upon  its  author  to  such  an  extent  that,  toward  the 
end  of  the  year  (1857),  he  was  obliged  to  resign  his  office." 

oThis  Geological  Report  on  Missihsippi  is  very  unequal  in  its  different  parts  and 
requires  a  careful  revision  before  it  can  become  good  authority.  Many  of  the  sections 
have  a  fantastic  boxing  off  of  layers  which  is  quite  unintelligible  to  us.  Certain 
rocks  are  pronounced  to  be  Carboniferous,  because  the  genus  producttis  occurring  in 
them  is  not  known  to  exist,  the  author  says,  in  older  strata.  Some  peculiar  concen- 
tric aggregations  in  clay  are  attributed  to  whirli)ool8  in  the  waters.  The  work  argues 
against  the  sulxlivisions  of  the  Eocene  proposed  by  Conrad  on  very  insufficient  data 
and  an  evi<lent  want  of  appreciation  of  the  subject.  There  are  errors,  also,  in  the 
iilentification  of  the  Cretaceous,  Tertiary,  and  post-Tertiary  beds  which  betray  insuf- 
ficient observations  and  an  imperfect  acquaintance  with  the  science.    ( Am.  Jour.  8<*i. ) 

LJiyiLi^eu  uy  ^*^_» -^^ -"^  -c  iV^ 
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rndor  an  act  of  the  Wisconsin  legislature,  approved  March  25, 1858, 
FMward  Daniels  was  appointed  State  geoloj^ist,  but.  at  the  end  of  the 
year  was  sui)erseded  by  Dr.  J.  (j,  Percival,  whose  work  in  Connecticut 
has  been  already  referred  to  (p.  829).  Daniels's  first 
wuSMinTiMi?  ^"d  only  annual  report,  bearing  date  of  1854,  con- 
sisted of  a  small  octavo  pamphlet  of  82  pages,  devoted 
largely  to  a  consideration  of  the  lead  fields.  One  geological  section 
in  black  and  white  was  given,  extending  across  the  lead  mines  from 
the  Mississippi  River  opposite  Dubuque  to  the  Blue  Mounds.  The 
rocks  were  classified,  beginning  with  the  uppermost,  as  (1)  coralline 
beds,  (2)  gray  limestone,  (3)  blue  limestone,  (4)  buff  limestone,  (5) 
sandstone,  ((>)  lower  magnesian  limestone,  and  (7)  the  sandstone  of  the 
Wisconsin  River.  A  vertical  section  was  also  given  showing  the  suc- 
cession and  relative  thickness  of  the  rocks  underlying  the  lead  regions. 
In  this  last  the  gmy  limestone  was  given  as  the  prevailing  ''surface 
rock  of  the  mines,  containing  veins  of  lead,  and,  in  its  lower  beds, 
zinc  and  copper." 

Daniels  found  evidence,  as  he  thought,  to  strengthen  the  conjecture 
of  Owen  to  the  effect  that  the  Lower  Magnesian  limestone  would  be 
found  to  contain  lead  ore  in  workable  quantities. 

Aside  from  the  above-noted  publication,  Daniels  was  the  author  of 
an  article  on  the  Iron  Ores  of  Wisconsin,  in  the  report  of  the  geolog- 
ical survey  of  Wisconsin  for  1857  (62  pages),  and  a  brief  note  regard- 
ing the  lead  district  of  Wisconsin,  which  appeared  in  the  Proceedings 
of  the  Boston  Society  of  Natural  History  in  1854. 

According  to  Hall,  Daniels  in  1855  first  pointed  out  the  unconformity 
of  the  western  coal  measures  with  the  older  rocks,  though  J.  W.  Fos- 
ter in  185()  published  a  section  showing  a  similar  unconformity,  the 
discovery  of  which  he  credited  to  Norwood. 

Doctor  Percival,  who  succeeded  Daniels,  receiv^ed  his  appointment  in 

August,  1854,  and  served  until  the  time  of  his  death,  which  occurred 

on  May  2,  1856.     Two  reports,  in  the  form  of  octavo  pamphlets  of 

about  1(K)  pages  each,  were  issued  as  the  result  of  his 

Perclval's  Qeological  ,  t  -i        i  •  .  i     .      ^^  i 

Survey  off  Wisconsin,  work.  Like  his  prcvious  work  m  Connecticut,  these 
reports  are  extremely  prosy  and  made  up  largely  of 
very  minute  descriptions  of  the  lithological  nature  of  the  various  rock 
formations  of  the  State,  their  geographic  distribution  and  relative  posi- 
tion. Fossils  were  mentioned  only  occasionally,  and,  otherwise  than 
his  reference  to  them  as  primary  and  secondary  rocks,  there  is  no  sug- 
gestion as  to  their  probable  geological  age,  with  the  exception  of  the 
reference  in  the  second  report  to  the  fact  that  the  so-called  '* Mound 
limestone''  had  been  regarded  from  its  fossils  as  equivalent  to  the 
Niagara  limestone.  The  character  of  the  ore  deposits,  and  the  posi- 
tion, number,  and  character  of  the  veins  were  noted  with  great  detail, 
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jind  ill  a  siiijrle  iiistniu-c  hi*  iiuUilged  in  a  little  speculation  re^ardin^ 
the  origin  of  the  ore: 

The  apiH^aranceB  seem  no  lew  U)  indi(^t«*  the  origin  of  tlie  mineral  and  the  aiu'oni- 
panyiug  ores  from  beneath,  probably  from  the  primary  rockH  underlying  the  lowest 
secondary;  and  that  they  rose  in  such  a  condition  that  they  were  diffused  through 
a  certain  definite  extent  of  the  materials  of  the  rocks,  and  then  segregated  in  their 
present  form,  and  thw  along  certain  lines  which  have  determined  their  arrangement. 

April  8,  1854,  D.  D.  Owen  was  appointed  State  geologist  of  Ken- 
tucky, a  position  which  he  continued  to  fill  until  the  time  of  his  death 
in  1S60.  During  this  time  there  were  issued  four  large  octavo  reports, 
^^.  comprising,   all    told,  upward   of   2,000  pages,  with 

Survey  of  Kentucky,  sections,  maps,  and  plates  of  fossils.  Owen  was 
assisted  at  first  by  Dr.  Robert  Peter,  chemist,  and 
Sidney  T.  Lyon^  topographer;  later,  Leo  Lesquereux,  paleobotanist, 
E.  T.  Cox,  geologist,  and  Joseph  Lesley,  topographer,  were  added  to 
the  force. 

Owen  divided  the  formations  of  the  State  as  follows,  beginning 
with  the  uppermost:  (1)  Supei*ticial  deposits,  (2)  the  Coal  Measures, 
(3)  sub-Carboniferous  limestone,  (4)  Black  lingula  shales,  (5)  Gra}' 
coraline  falls  limestone,  (6)  the  Chain  coral  and  Upper  Cliff  limestone, 
and  (7)  the  Blue,  Shell,  and  Bird's-eye  liriiestone,  the  last  named  being 
the  most  ancient  of  any  yet  found  within  the  State  limits. 

As  with  a  majority'  of  Owen's  works,  these  reports  are  given  up 
largely  to  economic  matters,  to  descriptions  of  the  coal,  iron  ores, 
building  stones,  and  other  useful  minerals. 

A  local  epidemic  of  milk  sickness  in  cattle  was  examined  into  in 
considerable  detail  by  Owen,  who  concluded  that  the  disease  was 
'* intimately  connected  with  the  geological  formation,"  and  probably 
due  to  the  presence  of  soluble  salts  of  aluminum,  iron,  and  magnesia, 
produced  in  the  shales  by  the  decomposition  of  iron  pyrites.  He 
showed  an  amusing  tendency  to  magnify  the  importance  of  minor 
matters  in  suggesting  that  the  animals  at  pasture  may  have  become 
weakened  and  |x)culiarly  susceptible  to  disease  through  })reathing, 
while  feeding  with  the  nostrils  close  to  the  ground,  an  atmosphere 
deficient  in  oxygen,  the  abstraction  of  this  element  being  due  to  the 
oxidation  of  the  pyrite  in  the  surface  rock. 

Concerning  the  roe  or  oolitic  structure  of  the  sub-Carboniferous 
limestone,  he  wrote,  the  structure  '*  seems  to  have  been  formed  in 
eddies  where  the  water  circled  round  in  spiral  or  funnel-shaped  cur- 
rents which  kept  particles  of  fine  sand  revolving  in  such  a  manner 
that  they  acquired  concentric  calcareous  coatings,  until,  having  attained 
the  size  of  fish  roe,  their  gravity  was  sufficient  to  overcome  the  power 
of  suspension  of  the  rotary  currents,  when  they  sunk  to  the  bottom.'' 
In  consideration  of  the  fact  that  this  oolitic  structure  is  now  known 
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to  prevail  over  iimnv  hundred  s(iuarc  miles  of  area,  this  explanation 
.seems  scarcely  sufficient. 

Peter's  work  on  the  chemical  composition  of  th«  soil  was  very 
thorou|rh,  and,  taken  all  in  all,  the  work  done  ])y  this  survey  on  proh- 
lems  relating  to  the  soil  was  of  greater  importance  than  any  previously 
produced.  The  method  followed  by  Doctor  Peter  himself  has,  how- 
ever, been  proven  by  recent  work  to  })e  of  comparatively  little  value, 
the  fertility  of  a  soil,  as  announced  years  earlier  by  Emmons,  being 
dependent  more  upon  its  physical  than  chemical  properties. 

In  1855  G.  G.  Shumard  accompanied,  in  the  capacity  of  geologist, 
the  expedition  under  command  of  Captain  Pope  for  the  purpose  of 
boring  artesian  wells  upon  the  western  plains  along  the  line  of  the 
Q.  G.  shumard's  thirty-sccond  parallel.  An  abstract  of  his  report  was 
withS>*?ij?."""^'*^  given  in  the  Transactions  of  the  St.  Louis  Academy  of 
Expedition.  1855.  Sciences,  I,  1856-1860,  though,  so  far  a^^  can  be  ascer- 
tained, no  tinal  report  ever  appeared. 

Shumard  announced  the  finding  of  Permian  fossils  about  80  miles 

.  above  the  mouth  of  Delaware  Creek,  in  the 

country  lying  between  the  Rio  Pecos  and 

^^^^^^  ^h^  ^^^  Grande.     At  Delaware  ('reek  the 

^^^^^^\  oldest  rocks  were  Cretaceous,  overlaid  })y 

^^^^  \  Quaternary.    The  Guadalupe  Mountains  he 

^^V    ^^PfBf  described  as  consisting  of  white,  gray,  and 

^R|    ^^        J  bluish-black   limestone,  containing  fossils, 

^^^  J^W  some  of  which  appeared  to  belong  to  the 

^Pil^^^H  Coal  Measures  and  others  to  the  Permian, 

^^^^^^Bta^^L^       the  })eds  being  finally  set  down  as  of  Permian 

^^^^^^^^P^I^^M  The  Sierra  Alto  was  shown  to  have  a 

^^^^^^^^L      ^^^     granitic  nucleus,  from  which  the  sti-atified 

|HH^H|^^^^^  IH     I'o^^"^  dip  away  on  either  side. 

Fi«. 57.-os<.ar  Montgomery  Lieber.        Siluriaii  rocks  wcrc  fouud  in  the  El  Paso 

Mountains,  and  the  Jornada  del  Muerto  was 
shown  to  be  a  small  trough  composed  mostl}^  of  limestone,  sandstone, 
and  shales,  covered  to  a  depth  of  5  or  6  feet  with  loose  detritus. 
The  upheaved  edges  of  these  underlying  strata  formed  the  mountains 
on  either  side.  The  Organ  Mountains  were  shown  to  be  of  limestone, 
belonging  to  the  Coal  Measures. 

By  an  act  of  the  legislature  of  the  State  of  South  Carolina  in  1855 
Oscar  M.  Lieber  was  appointed  director  of  the  geological,  mineml- 
ogical,  and  agricultural  survey  of  the  State,  a  position  which  he  held 
up  to  1860.  During  this  period  he  made  four  annual 
reports,  the  first  bearing  date  of  1857  and  the  last  1860. 
This,  it  will  be  remembered,  wavS  the  third  surve}'^  of 
the  State  undertaken  at  public  expense,  the  first  being  purely  agricul- 
tural, under  the  direction  of  Edmund  Kuftin,  and  the  second  geological 
and  agricultural,  under  direction  of  M.  Tuomey.     y-^    y  ^^^^^^^ 


Lleber's  Work  in 
South  Carolina, 
1855-1860. 
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In  the  reports  of  Lieber  matters  of  both  theoretic  and  econoniic 
nature  received  attention,  though  an  undue  amount  of  space  was  per- 
haps devoted  to  a  discussion  of  the  itacolumite,  which  he  considered 
to  be  a  true  sandstone.  He  differed  in  this  respect  with  Mr.  Tuomey. 
Its  flexibility  he  regarded  as  not  due  to  decomposition,  but  rather  to 
its  fineness  of  grain  and  admixture  of  mica  or  talc,  delicately  laminated 
structure,  and  a  certain  degree  of  compactness  in  the  constituents  of 
each  lamina.  In  this  he  was  mistaken.  He  discussed  the  origin  of  the 
rock,  and  compared  it  with  the  itacolumite  of  Brazil  in  its  relation  to 
the  diamond. 

A  peculiar  tendency  on  the  part  of  Lieber  to  use  outlandish  terms, 
particularly  Brazilian  Portuguese,  is  manifested  in  this  report.  Thus, 
in  his  paper  on  the  itacolumite  and  its  associated  rocks,  he  mentions 
finding  the  ^Hapanhoancanga^  ovcanga^  which  sometimes  passed  into  a 
reddish  quader-sandstone."  He  also  wrote  of  the  '' orycUxjnosfic'''^ 
composition  of  the  rock,  and  designated  a  prospector  as  a  ^''costeaner,^'^ 

He  classified  the  igneous  rocks  of  the  State,  commencing  with  the 
newest,  as: 

{Eurite  and  quartz  porphyry  (?). 
Coarse  trachyte  of  eastern  I^ancaster. 
Domite,  phonolith. 
Trappean  rocks:  Diorite  and  Diorite  slate,  soapstone  (?),  Talcose  trap  (?). 
Melaphyre,  Egeran  (?). 
Aphanitic  porphyry. 

Coarse-grained  granite,  etc.,  of  Taxahaw  (syenite). 
Other  granite  and  gneiss. 
(The  marks  of  interrogation  with  some  of  these  denote  that  their  exact  relative 
position  is  not  established. ) 

Lieber's  views  regarding  mineral  veins  and  ore  deposits  were  largely 
influenced  by  those  of  European  authorities,  but,  nevertheless,  he 
entertained  ceitain  independent  ideas  which  at  this  date  are  instruct- 
ive. He  believed  with  Werner  that  the  veins  were  filled  crev  ices,  but 
thought  them  to  have  been  filled  from  below  rather  than  from  above; 
that  is,  the  minerals  constituting  the  veins  he  regarded  as  having 
been  derived  from  the  interior  of  the  planet  and  brought  to  the  sur- 
face by  mineral  waters  or  steam,  where  they  were  deposited  chiefly 
in  the  crevices  themselves,  the  surplus  only  distributing  itself  among 
the  surface  waters,  whence  it  was  afterward  precipitated. 

He  argued  agaiast  the  idea  that  the  veins  had  been  filled  by  the 
leaching  action  of  water  permeating  the  rocks  on  either  side,  saying: 

Entirely  the  reverse  is,  however,  the  case.  Thus,  minerals  which  belong  to  the 
veins  but  which  are  found  in  the  country  were  in  reality  derived  from  the  former; 
the  vein  (devices  were  the  first  re^^ervoirs,  and  the  few  scattering  particles  of  the  min- 
erals of  the  veins  which  we  find  in  the  adjacent  country  rocks  found  their  way  into 
the  latter  by  ehmination  or  secretion  and  by  sublimation  from  the  surcharged  vein 
creviceo. 
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Concerning  the  variation  in  vein  structure  and  the  changes  of  the 
contents  of  veins  at  various  depths,  he  wrote: 

Except  ill  those  few  cases  where  the  enrichment  of  a  vein  is  due  to  extraneous  or 
superficial  (ausee,  we  may  safely  say  that  veins  gain  in  the  quantity  of  their  metal- 
liferous contents  as  we  leave  the  surface;  that  is  to  say,  the  lodes  increase  in  diameter 
and  in  the  compactness  of  their  ores. 

Thus  do  we  find  one  who  was  the  best  authority  in  the  State  promul- 
gating a  theory  wholly  erroneous  and  misleading. 

The  question  of  the  origin  of  gold  received  consideration,  and  the 
opinion  was  expressed  that  'Hhe  gold  in  some  igneous  rocks  with  us 
and  elsewhere  may  have  been  brought  up  with  the  fluid  masses  from 
beneath,  but  it  may  also  have  been  imparted  by  the  solution  of 
auriferous  sedimentary  rocks  traversed  at  the  period  of  injection." 
While  noting  that  dikes  exerted  a  conspicuous  influence  on  the  dis- 
cernible presence  of  gold,  he  believed  that  these  did  not  impart  the 
metal,  or  if  they  did,  only  in  exceptional  cases,  and  that  as  a  rule  cer- 
tain sedimentary  rocks  must  be  regarded  as  the  true  source  of  the  gold 
into  which  it  was  infused  at  the  time  of  their  deposition,  though  by  what 
means  or  from  what  source  he  found  it  impossible  even  to  guess. 

Eiach  of  the  reports  was  accompanied  by  two  or  more  colored  geog- 
nostic  maps,  in  which  the  various  formations  were  grouped  according 
to  their  lithological  nature  rather  than  according  to  their  geological  age. 

In  1855  there  appeared  Dawson's  Acadian  (ireology,  a  small  octavo 
volume  of  but  388  pages,  but  which,  through  successive  editions,  grew, 
by  1878,  to  nearly  800  pages.  This  in  all  its  editions  was  by  far  the 
most  important  production  of  this  most  prolific  writer.^ 
qSS^,\ss^^  The  edition  of  1855  contained  a  colored  geological 
map  of  the  region  and  purported  to  give  in  a  con- 
densed form  what  was  known  of  the  more  general  features  of  the 
peninsula.  A  discussion  of  the  views  held,  and  as  subsequently  mod- 
ified, can  well  be  reserved  until  we  come  to  the  edition  of  1878. 

A  very  large  proportion  of  Dawson's  geological  papers  related  to 
the  Coal  Measures  of  Nova  Scotia  and  their  included  plant  and  animal 
remains.  His  first  publications  on  these  subjects  date  back  to  1843. 
As  early  as  1853  he  announced,  in  connection  with 
Nova  Scotia,  Lyell,  the  finding,  at  the  base  of  an  upright  fossil  tree 

trunk  in  these  Coal  Measures,  of  bones  identified  by 
Jeffries  Wyman  and  Richard  Owen  as  those  of  a  reptile  or  batrachian, 
to  which  the  name  Drndrtrpdon  acadidnunt  was  applied.  The  finding 
of  the  shell  of  a  terrestrial  mollusk  was  also  announced  at  the  same  time. 

Dawson  also  made  important  observations  regarding  the  origin  of  the 
various  coal  beds.  He  felt  that  the  conditions  indicated  the  existence 
at  one  time  of  a  long  succession  of  oscillations  between  terrestrial  and 
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m^uatic  circuuiHtances,  which  were  not  accompanied  by  any  material 
permanent  change  in  the  nature  of  the  surface  of  the  land  and  its 
organized  inhabitants.  He  conceived  that  the  elevation  and  depression 
of  large  areas  were  not  absolutely  contempomneous,  but  such  that  b}' 
a  mere  change  of  place  one  could  have  passed  from  a  coal  swamp  to  a 
modiola  lagoon  or  a  tidal  sand  flat. 

In  the  Quaiterly  flournal  of  the  Geologi«il  Society  for  1859  Daw- 
son had  another  important  paper  on  the  vegetable  structures  in  the 
coal  in  which  he  announced  that  the  vegetable  matter  of  these  beds 
consists  principally  of  Sigillariaj  and  Calamitese.  With  these,  how- 
ever, ho  found  intermixed  remains  of  many  other  plants. 

The  structure  of  the  coal  as  he  here  found  it  conformed  to  the  view 
that  the  materials  were  accumulated  by  growth  in  place  without  any 
driftage  of  materials.  The  rate  of  accumulation  he  thought  to  have 
been  very  slow,  the  climate  of  the  period  being  such  that  the  true  coni- 
fers grew  not  niore  rapidly  than  their  modern  congeners.  Making  all 
due  allowances,  he  felt  safe  in  asserting  that  every  foot  of  thickness  of 
pure  bituminous  coal  implied  the  growth  and  fall  of  at  least  fifty  gen- 
erations of  Sigillari«  and,  therefore,  an  undisturbed  condition  of  forest 
growth  enduring  through  many  centuries. 

In  this  same  journal  for  1865,  under  the  title  of  On  the  Conditions 
of  the  Deposition  of  Coal,  he  again  referred  to  the  su))ject.  Writing 
with  reference  only  to  the  beds  of  Nova  Scotia  and  New  Brunswick 
and  their  associated  sediments,  he  showed  that  the  coarser  matter  of 
the  Carboniferous  rocks  was  derived  from  the  neighboring  metamor- 
phic  ridges,  but  nmch  of  the  finer  material  was  probably  drifted  from 
more  distant  sources.  He  thought  there  was  no  good  reason  to  doubt 
that  in  the  Carboniferous  period  the  greater  part  of  the  Laurentian 
and  Silurian  districts  of  North  America  existed  as  land.  Considering 
the  relative  position  and  lithological  nature  of  the  beds  of  the  Car- 
boniferous period,  and  comparing  them  with  those  of  other  periods  of 
the  Paleozoic  age  in  eastern  America,  he  thought  to  find  indications  of 
the  existence  of  periodic  cycles  such  that  similar  beds  were  deposited  at 
corresponding  periods  in  each,  the  parallelism  being  tabulated  as  below : 

(The  several  formations  are  arranged  in  descending  order.) 


Character  of  jfroup. 


Shallow,  siibsidinK  marine 
area,  filling  "P  with  hv(\\- 
'   ment. 

Elevation,  followed  by  hIow 
mibflldeneo,  land,  nur- 
faces,  etc. 

Marine  conditions;  forma- 
tion of  limestones,  etc. 


Sul»8idenee;  disturbances: 
deposition  oi  coarse  sedi- 
ment. 


Lower  Silurian.    Upper  Silurian. 


Devonian.         |   Carboniferous. 


Hudson    River 
jfroup. 


Lower  Helder-  ,  Chemung  in^up..^  Upper  coal  for- 
berg  group.      |  '      mation. 


Cticashale Sal ina group  ...'  Hamilton  group..    Coal  Measun's. 


Trenton,  Black 
River.  and 
Chaz>-  lime- 
stones. 

i*ot«dam  and 
Calciferous 
sandstones. 


Niagara       and     (\>ndfen»us  linw 
Clinton  lime-  I      stime. 
stones.  ' 


l^)wcr  (^arbon- 
iferrHis  llnu' 
stone. 


Oneidaand  Me-  I  Oriskany      saml-     Lower     Coal 
dina       sand         stone.  i      Measures  and 

stones.  I  ^    . .      ,      |conglomerate> 
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Jules  Marcon't 
Qeoloi:lcal  Map  off 
the  United  States, 
1853. 


In  an  article  connnunicated  to  the  Natural  History"  Society  of 
Montreal  in  1860,  Dawson  claimed  to  recognize  '^  among  the  partially 
metamorphosed  sub-Carboniferous  rocks  of  Nova  Scotia,  formations 
I'anging  from  the  Middle  Silurian  to  the  Lower  Devonian,  inclusive, 
but  of  a  more  argillaceous  and  less  calcareous  character  than  the  series 
occupying  this  position  in  the  mainland  of  America."  The  granite^s 
(intrusives)  he  regarded  as  of  newer  Devonian  age,  and  the  Arisaig 
series  as  representing  ''the  upper  part  of  the  Middle  Sihirian,  proba- 
bl}^  with  a  part  of  the  Upper  Silurian,  a  position  much  lower  than  that 
assigned  to  it  in  m)-  Acadian  Geology." 

In  1853  Jules  Marcou,  a  Frenchman  who  had  come  to  America  in 
1848,  published  a  geological  map  of  the  United  States  and  the  British 
Provinces  of  North  America,  with  92  octavo  pages  of  explanatory 
text,  two  geological  sections,  and  eight  plates  of  the 
fossils  which  characterize  the  formations.  The  map, 
which  was  colored  by  hand,  extended  as  far  west  as 
the  one  hundred  and  sixth  meridian,  and  the  geological  sections,  not 

colored,  extended,  the  first  from  the  Atlantic 
Ocean  at  Yorktown,  Virginia,  to  Fort  Lara- 
mie, Nebraska,  and  the  second  from  Lake 
St.  Johns  in  the  Hudson  Bay  Territory  to 
Mobile,  Alabama. 

The  author  adopted  the  formation  names 
established  by  M.  de  Verneuil  and  Murchi- 
son,  in  order  to  render  possible  a  satisfactory 
comparison  with  the  existing  geological 
maps  of  England,  Germany,  Russia,  Svs.n- 
dinavia,  and  Bohemia.  The  divisions  Cam- 
brian and  Taconic,  however,  were  not  recog- 
nized, since,  in  the  opinion  of  the  compiler, 
they  '*  ought  to  disappear  from  geological 
classification,  for  they  give  two  names  to  the 
metamorphic  rocks,  of  which  they  are  integrant  parts,  in  all  regions 
where  these  beds  have  been  observed. "'' 

Perhaps  the  most  striking  feature  of  the  map,  at  least  that  in  which 
it  diflFers  the  most  from  those  of  later  date,  lay  in  the  enormous  devel- 
opment of  the  Devonian,  which  is  made  to  occupy  a  large  portion  of 
southern  New  York,  as  now,  and  to  extend  thence  in  a  continuous, 
broad,  but  gradually  narrowing  band  southwesterly  to  near  Tusca- 
loosa, in  Alabama.  A  continuous  belt  was  also  indicated  as  extending 
from  the  east  side  of  the  south  end  of  Lake  Michigan  westerly  nearly 
to  the  Missouri  River.  The  brown  Triassic  sandstones  of  the  Eastern 
States  were  colored  as  Keuper  (yellow),  and  the  belt  west  of  Rich- 

'' This  Htatemeiit  regiirdinjr  the  Taconic  is  a  little  surprising  when  one  considers 
the  part  Marcou  plaved  iu  the  nubsequent  controversy  (see  p.  659).  ^  j 
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niond  and  one  near  Katon  Mountains,  in  New  Mexico,  as  Lias  or 
Jurassic  (blue).  A  band  of  Keuper  was  also  represented  as  extending 
from  the  eastern  end  of  the  south  shore  of  Lake  Superior  quite  across 
the  Coteau  des  Prairies  to  the  ninety -eighth  meridian.  A  continuous 
band,  colored  as  composed  of  granite  porphyry,  syenite,  greenstone, 
gneiss,  mica-schist,  etc.,  was  represented  as  extending  from  below  the 
twenty -fourth  parallel  in  Mexico  northward  to  the  great  bend  of  the 
North  Platte  in  Wyoming,  where  it  was  overlain  by  Silurian,  Devo- 
nian, Coal  Measures,  and  Keuper  strata,  the  latter  flanked  on  the  north 
by  a  broad  band  of  ''copper  trap."  Here  again  the  series  extended 
westerly  to  the  edge  of  the  map  and  northeasterly  to  a  point  about 
midway  between  Mandan  and  the  Little  Missouri  River  in  Dakota. 

This  attempt  on  the  part  of  Marcou  was  certainly  commendable, 
requiring  courage  as  well  as  judgment.  Unfortunately,  Marcou  does 
not  seem  to  have  used  discretion  in  all  cases  in  the  selection  of  his 
authorities,  and  made  altogether  too  sweeping  generalizations,  often 
in  direct  contradiction  of  facts  made  known  by  other  workers. 

In  1855,  1858,  and  again  in  1872  Marcou  published  in  Germany  and 
France  other  editions  of  his  map,  in  which  he  comprised  the  whole 
country  from  the  Atlantic  to  the  Pacific  Ocean.  Perhaps  the  most 
striking  feature  of  these  issues  is  the  enormous  area  of  country  west 
of  the  Missouri  at  Iowa  and  extending  almost  to  Great  Salt  Lake  and 
the  Colorado  River  in  Arizona,  colored  as  red  sandstone  (Trias),  with 
broad  intercallations  of  Jurassic.  This  feature  is  the  same  on  issues 
of  both  1855  and  1858,  although  in  the  map  of  1853  he  colored  the 
same  area  (at  least  as  far  as  this  map  extended)  Cretaceous,  Tertiar}^ 
and  Quaternary.  In  the  edition  of  1855  the  entire  west  coast  of  Cali- 
fornia south  of  Humboldt  and  as  far  down  as  Monterey  was  colored  as 
occupied  by  eruptive  and  metamorphic  rocks,  while  broad  belts  in  the 
interior,  along  the  courses  of  the  main  rivers,  were  colored  as  Tertiary. 
In  the  edition  of  1858  this  was  in  part  corrected,  the  Tertiary  being 
extended  to  the  coast. 

The  various  editions  of  these  maps,  on  account  of  the  errors  men- 
tioned and  numerous  others  perhaps  even  more  inexcusable,  though 
less  conspicuous,  were  severely  criticised  by  American  geologists,  a 
particularly  harsh  review  of  the  1853  map  being  given  by  James  Hall 
in  the  American  Journal  of  Science  for  March,  1854,  and  of  that  of 
1855  by  W.  P.  Blake  in  the  same  journal  for  November,  1856. 

During   1853   numerous   expeditions  were  sent  out  by   the  War 

Department  for  the  purpose  of  exploring  routes  for 

sSrvw^'faw'^tSSS.  ^^^  proposed  railroad  from  the  Mississippi  Valley  to 

the  Pacific  coast.     These  were  in  all  cases  under  the 

immediate  command  of  officers  of  the  Army,  but  to  nearly  all  one  or 

more  naturalists  or  geologists  were  attached. 
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The  published  results  of  these  explorations,  geological  add  other- 
wise, form  the  thirteen  quarto  volumes  of  Pacific  Railroad  Reports, 
so  well  known  to  all  naturalists.  Among  those  who  accompanied  the 
expeditions  and  whose  reports  gave  almost  the  first  authoritative  and 
systematic  accounts  of  the  geology  of  the  regions  passed  over  were 
Jules  Marcou,  whose  geological  map  has  been  mentioned;  W.  P.  Blake, 
of  New  Haven,  Connecticut;  Thomas  Antisell,  James  Schiel,  and  J.  S. 
Newberry. 


Fig.  69.— Map  showing  principal  routes  of  exploring  parties  in  connection  with  Pacific  Railroad 

surveys. 

Marcou  received  his  appointment  in  May,  1853,  with  orders  to  join 
Lieut.  A.  W.  Whipple  in  the  exploration  of  a  route  near  the  thirty- 
fifth  parallel  of  latitude.  The  route  followed  lay  by  way  of  Fort 
Smith,  Arkansas;  westward  through  Albuquerque  and  Santa  Fe,  New 
Mexico,  to  Los  Angeles,  California,  and  occupied  the  period  between 
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June  2,.  1853,  and  March  26,  1854.  On  returning  to  Washington, 
eTune  1,  1854,  Marcou,  on  the  plea  of  ill  health,  asked  permission  to 
Moraw's  work  la  ^^rk  up  his  results  in  Europe;  and,  acting  apparently 
Pii^B%iiimd  *'**  under  a  misunderstanding,  proceeded  to  pack  his  own 
snrveys,  1853.  collections,  together  with  others  made  by  the  party 
under  Captain  Pope  along  the  thirty -second  parallel,  and  made  prep- 
arations to  leave  the  country  on  September  27.  This  procedure  seems, 
however,  to  have  displeased  the  then  Secretary  of  War  (Jefferson 
Davis),  who  insisted,  under  date  of  September  25,  that  the  report  be 
made  out  in  this  country.  It  being  then  too  late,  as  claimed,  for  Mr. 
Marcou  to  change  his  plans,  he  was  allowed  to  depart,  but  instructed 
under  threat  of  prosecution  to  turn  over  all  collections  and  notebooks, 
the  property  of  the  Government,  to  the  accredited  representative  of 
the  United  States  at  Paris.  Naturally  this  treatment  aroused  con- 
siderable indignation  on  the  part  of  Marcou,  though  it  is  doubtful  if 
he  was  justified  in  his  subsequent  proceedings.  Such  of  the  collections 
and  notes  as  were  returned  were  placed  in  the  hands  of  W.  P.  Blake 
to  be  worked  up,  but,  while  there  is  no  reason  for  criticising  the  latter, 
the  report  was  not  all  that  could  have  been  desired.''  It  is  a  painful 
fact,  moreover,  that  none  of  Marcou's  types  were  returned  to  America, 
but  were,  by  him,  distributed  to  English  and  continental  museums, 
one  of  the  collections  being  now  in  the  possession  of  the  Geological 
Society  of  London. 

Before  leaving  for  Europe,  however,  and  before  becoming  aware  of 
the  intentions  of  the  Secretary  of  War,  Marcou  made  two  brief  reports 
or  summaries — one  of  the  route  traversed  by  himself,  and  the  other  on 
the  materials  collected  !)y  Captain  Pope's  party.  These  were  pub- 
lished in  House  Document  No.  129  and  were  republished,  together 
with  other  papers  by  the  same  author,  in  Zurich  in  1858,  under  the 
title  of  Geology  of  North  America,  with  Two  Reports  on  the  Prairies 
of  Arkansas  and  Texas,  the  Rocky  Mountains  of  New  Mexico  and  the 
Sierra  Nevada  of  California.  The  latter  work  was  accompanied  by  a 
geological  map  of  the  United  States  and  a  section  across  the  country 
from  Fort  Smith  to  the  Pacific  Ocean,  the  same  being  a  reprint  of  a 
map  published  by  him  in  1855  in  the  Bulletin  of  the  Geological  Society 
of  France  and  in  the  Annales  des  Mines  for  the  same  year.  (Referred 
to  on  p.  449.)  It  also  contained  a  colored  map  of  an  area  from  35  to 
75  miles  in  width  across  New  Mexico  along  the  thirty -fifth  parallel, 
bearing  date  of  1857,  and  a  reproduction  of  Maclure's  map,  the  original 
of  which  bore  date  of  1809. 

In  this  summary  Marcou  identified  certain  horizontal  beds  overlying 
the  Carboniferous  limestones  as  Triassic,  a  formation  which  on  the 


"  Marcou' H  original  notes  and  Blake's  translation  of  the  same  were  published  in 
parallel  columns  in  the  third  volume  of  the  Pacific  Railroad  Reports, 
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basis  of  his  geological  map  of  the  United  States,  published  in  Boston 
in  1853,  above  noted,  he  claimed  to  have  been  the  first  to  recognize  in 
the  West.  He  divided  it  into  three  divisions,  the  lowest  of  which  he 
considered  as  equivalent  to  the  red  sandstones  of  Lake  Superior  (now 
considered  as  Cambrian),  the  Bay  of  Fundy,  the  Prince  Exlward  and 
Magdalen  islands,  and  a  part  of  that  of  Virginia  and  New  Jersey.  At 
Pymmid  Mount,  in  the  Llano  Estacado,  he  claimed  to  have  found 
Jurassic  rocks  overlying  conformably  the  Keuper  (the  first  discovery 
of  rocks  of  this  horizon  in  America),  and  at  Galisteo,  in  New  Mexico, 
the  White  Chalk  division  of  the  Cretaceous.  From  the  fact  that  the 
Cretiiceous  beds  lie  unconformably  upon  the  upheaved  Triassic  and 
Jurassic  beds,  he  concluded  that  the  same  were  deposited  after  the 
principal  dislocation  of  the  Rocky  Mountains,  which  took  place  at  the 
end  of  the  Jurassic  period. 

The  Sierra  NcA^da  he  rightly  inferred  to  be  of  more  recent  uplift 
than  the  Rocky  Mountains,  probably  dating  from  the  end  of   the 

Miocene  or  Pliocene,  and  the  Coast  Range 
from  the  end  of  the  Eocene. 

To  W.  P.  Blake  fell  the  lot  of  accompany- 
ing Lieutenant  Williamson,  whose  route  led 
from  San  Francisco  southward  along  the  San 
Joaquin  River,  through  San  Francisco  Pa^s 
j^^    ^^vC     l^'W^H     ^"  ^^^  mountains  to  the  Mohave  River,  and 
^T  ^Bh^CilH     workofw.P.Biake  eastward  along  the  thirty- 

W^  ^^^m^^  Se'ipScifgRlhiad  second  and  thirty-third  par- 
Surveys.  1853-1856.  jiiiels  to  the  mouth  of  the 
(xila.  The  region,  as  pointed  out  by  S.  F. 
Emmons,"  ''is  not  one  from  which  definite 
geological  data  could  be  obtained,'' the  rocks, 
Fig.  fio.-wiiiiamPhipps  Blake.      with  the  exception  of  recent  and  Tertiary 

formations,  being  barren  and  classed  as 
metamorphic  and  eruptiv^e.  He  however  noted  the  wide-spread  occur- 
rence of  Tertiary  rocks  about  San  Francisco  and  in  southern  Cali- 
fornia and  the  occurrence  of  eruptive  serpentinous  rocks.  He  also 
made  many  interesting  minor  observations  on  the  polishing  and  groov- 
•  ing  of  -hard  rocks  by  wind-blown  sand  and  other  desert  phenomena. 
Mountains  of  the  isolated  or  "lost  mountain''  type  were  described, 
and  the  fact  that  the  Colorado  Desert  was  below  the  level  of  the  sea 
noted.  The  age  of  the  coast  mountains  was  determined  as  at  least 
post-Pliocene,  and  the  impregnation  of  the  rocks  of  the  region  with 
gold  he  regarded  as  having  been  contemporaneous  with  the  uplift. 
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To  Blake,  too,  fell  the  study  of  the  collections  made  by  Pope's  expe- 
dition along  the  route  near  the  thirty-second  parallel.  It  was  the 
original  intention  of  Pope  that  this  work  should  be  done  by  Marcou, 
but  owing  to  the  decision  of  Davis,  then  Secretary  of  War,  the  collec- 
tions were  returned  by  Marcou,  as  already  noted,  ''in  a  confused  con- 
dition and  with  many  of  the  labels  displaced  "  and  given  to  Blake. 

Captain  Pope's  route  extended  frofti  Preston  on  the  Red  River  in  a 
southwesterly  direction  to  the  Pecos  River,  and  thence  nearly  due 
west  to  the  valley  of  the  Rio  Grande  at  El  Paso  and  Dona  Ana  in  New 
Mexico,  crossing  the  Organ,  Huerco,  and  Guadalupe  mountains.  The 
result  of  this  expedition  was  to  establish  the  Carboniferous  character 
of  the  limestone  of  the  Organ  Mountains,  the  prevailing  granitic  t^'pe 
of  the  Huerco  Range,  and  the  presumable  Carboniferous  age  of  the 
limestone  and  sandstone  of  the  Guadalupes  (see  also  Shumard's  obser- 
vations, p.  434).  The  underlying  formations  of  the  Llano  Estacado 
were  judged  from  the  specimens  to  be  probably  Cretaceous  and  not 
Jurassic,  as  mapped  by  Marcou.  For  the  geology  of  the  region 
between  Llano  Estacado  and  Preston,  Blake  drew  largely  on  Shumard's 
publications. 

The  origin  of  the  gypsum  beds  he  regarded  as  due  to  the  action  on 
the  underlying  limestone  of  percolating  waters  containing  sulphuric 
acid  derived  from  the  decomposition  of  pyrites. 

Thomas  Antisell  accompanied  the  party  under  command  of  Lieut. 

J.  G.  Parke,  surveying  the  route  in  southern  California  to  connect 

with  the  routes  near  the  thirty-tifth  and  thirty-second  parallels  and 

also  the  route  near  the  thirty-second  parallel  between 

Aati^.'^^  ®*  the  Rio  Gmnde  and  Pimas  Village,  which  was  explored 

by  Parker  in  1854-55. 

Antisell .  recognized  the  post-Miocene  age  of  the  final  uplift  of  the 
Coast  Range  and  thought  that  the  elevating  force  must  have  taken 
place  from  two  points,  one  in  the  north  and  one  in  the  south,  and  that 
the  forces  became  gradually  spent  as  they  passed,  one  in  a  southerly 
and  the  other  in  a  northerly  direction  toward  each  other.  He  con- 
ceived that  this  resulted  in  an  uplifting  of  the  consolidated  crust  of 
the  State  at  either  end,  while  the  center  remained  quiescent,  causing 
thereby  a  rupture  of  the  supei*ficial  strata,  or  even  a  depression  below 
sea  level  near  the  middle,  forming  thus  San  Francisco  Bay. 

Influenced  to  some  extent  l)y  Elie  de  Beaumont's  theory  of  mountain 
uplift  and  the  relative  age  of  mountain  mnges,  as  indicated  by  their 
parallelism,  he,  without  committing  himself  in  any  way,  called  atten- 
tion to  the  north  and  south  trend  of  all  the  New  Mexican  ranges  and 
northwest  and  southeast  trend  of  the  Sierras,  the  Coast  Range,  and 
the  ranges  of  Nevada. 

No  Paleozoic  rocks  were  recognized  in  the  southern  part  of  the 
State.     The  sandstone  underlying  the  Carl>oniferous  limestoije  of  the 
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Gila  region,  New  Mexico,  was  thought  to  be  Devonian,  though  no 
fossils  were  found  by  which  the  age  might  be  definitely  proven.  What 
fossils  were  collected  during  this  expedition  were  described  by  Conrad 
and  were  all  Tertiary  forms. 

As  with  Hitchcock  and  other  of  the  early  workers,  he  failed  to  real- 
ize the  full  capabilities  of  river  action  during  gradual  crustal  move- 
ment, and  found  the  same  difficulty  in  accounting  for  the  course  of 
the  Gila  that  Hitchcock  did  with  that  of  the  Connecticut  (p.  310). 

During  the  series  of  elevations  [he  wrote]  which  finally  uplifted  this  range  (the 
Pinaleno)  to  its  present  altitude,  the  upheaving  force  must  have  been  exerted  even 
upon  the  southern  i>ortion  of  the  range,  raising  the  table-land  of  northern  Sonora 
and  Chiricahua  to  so  great  a  height.  This  strain  may  have  produced  a  fissure  from 
east  to  west,  or  cracked  and  perhaps  depressed  the  strata  along  parallel  33°,  and 
thus  enabltni  the  Gila  to  take  that  as  a  permanent  course.  Some  such  catastrophe 
nuist  have  occurred,  for  it  is  scarcely  probable  that  the  river  unaided  could  have 
cut  through  such  lofty  hills  and  hard  rocks  as  it  appears  to  have  done  in  its  passage 
through  these  mountains,  running  as  it  does  at  right  angles  to  the  strike  of  the 
ranges. 

Antisell's  report  was  accompanied  by  numerous  sections  in  black  and 
white  through  the  coast  ranges,  and  a  colored  geological  map  of  the 

region  extending  from  San  Francisco  to  Los 
Angeles;  also  by  a  colored  map  and  section 
of  the  region  from  the  Rio  Grande  (then 
known  as  the  Rio  Bravo  del  Norte)  to  beyond 
Maricopa  Wells  (112^^  30'). 

Antisell  was  born  in  Ireland,  of  French 
Huguenot  parentage,  in  1817,  and  came  to 
America  for  political  rea- 
sketch  off  Antisell.  sons  in  1848,  whm'e  he  pi*ac 
ticed  medicine  until  1854, 
though  in  the  meantime  holding  the  position 
of  lecturer  on  chemistry  in  a  number  of  col- 
leges, including  those  of  Woodstock,  Ver- 
mont; PittsKeld,  Massachusetts;  and  at  the 
Berkshire  Medical  Institute.  Prior  to  his 
American  experiences,  though  by  profession  a  surgeon,  he  had  mani- 
fested a  lively  interest  in  matters  pertaining  to  other  sciences,  and  had 
published  in  1840  a  duodecimo  volume  of  84  pages  on  Irish  geology 
and  a  manual  of  agricultural  chemistry,  prepared  with  especial  refer- 
ence to  the  soils  of  Ireland.  His  work  with  the  Pacific  Railroad  Sur- 
vey, above  noted,  comprised  his  only  geological  investigations  after 
coming  to  America. 

In  185G  he  was  appointed  an  examiner  in  the  Patent  Office,  but 
resigned  to  enter  the  Union  Army  as  surgeon  in  1861.  In  1866  he 
became  chief  chemist  of  the  Department  of  Agriculture,  and  in  1871 
was  appointed  by  the  Japanese  Government  an  expert  in  chemical 
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technology  in  Tokyo.  He  returned  to  the  United  States  in  1877  and 
was  reappointed  to  his  former  position  in  the  Patent  OflSce,  where  he 
remained  until  1891. 

J.  S.  Newberry  was  geologist  to  the  party  under  Lieutenants  Wil- 
liamson and  Abbot,  surveying  routes  in  California  and  Oregon. 
Newberry  regarded  the  sandstone  in  the  vicinity  of  San  Francisco  as 

probably  Miocene,  and  the  serpentines  as  of  igneous 
R5SSld^*<^i856.  ^"S^" — ^"  ^^^^  agreeing  with  Blake.      The  rocks  at 

Arbuckle's  diggings,  near  Fort  Reading,  were  consid- 
ered as  Cretaceous.  He  did  not  agree  with  Trask  in  thinking  that  the 
Sierra  Nevada  terminated  at  Lassen's  Butte,  or  that  the  Coast  Moun- 
tains, when  continued  northward,  form  the  Cascades  of  Oregon  and 
Washington.  He  regarded  Mount  Shasta  as  a  part  of  the  Sierra 
Nevadas  (as  did  also  King,  later),  which  were  themselves  probably  of 
greater  antiquity  than  the  Coast  Range  Mountains.  In  this  he  was 
right.  He  thought  to  have  discovered  evidences  of  a  continuous  ice 
sheet  in  the  region  of  the  Three  Sisters  and  Mount  Jefferson  in  the 
Cascades.  The  canyons,  as  of  the  Columbia,  he  rightly  regarded  as 
due  to  stream  erosion,  not  to  rifts  by  volcanic  action.  The  few  fossils 
collected  were  described  by  Conrad  and  all  as  Miocene. 

The  survey  along  the  thirty-eighth  and  forty -first  parallels  was  first 
placed  under  the  direction  of  Captain  Gunnison,  who,  however,  lost  his 
life  in  a  fight  with  the  Indians  in  Sevier  Lake  Valley  in  1853.     Lieut. 

E.  H.  Beckwith  was  then  placed  in  charge,  with  Dr. 
Schiei's  Work.  James  Schiel  as  geologist.  The  route  lay  across  Kansas, 

up  the  Arkansas  River,  and  across  the  front  range  to 
the  valleys  of  the  Grand  and  Green  rive  1*8,  south  of  Salt  Lake;  thence 
across  the  Humboldt  Desert  and  Sierra  Nevadas  to  the  Pitt  and  Sacra- 
mento rivers  in  California.  The  report  contains  scarcely  anything  of 
value  from  a  geological  standpoint,  being  mainly  mineralogical  and 
lithological,  though  a  few  invertebrate  fossils  are  described  and  one 
fossil  fish,  the  first  named  being  mainly  specimens  of  Productun^ 
Terehratula,  Inoceramvs^  and  Gryphea.  Nothing  was  said  regarding 
their  probable  geological  age. 

Dr.  John  Evans,  whose  early  work  in  the  Bad  Lands  is  noted  else- 
where, made  to  Governor  I.  I.  Stevens  reports  on  the  geology  of  the 
northern  route,  which  were,  however,  never  printed. 
Dr.  John  Evans's  According  to  Emmons,^  two  reports  were  made,  but 

»rk  in  Washlnflrton  -u. 

I  Oreson 

litofies. 

correspondence  shows  that  such  was  prepared  and  sent  to  the  Govern- 
ment Printing  Office  as  early  as  1861.  Doctor  Evans  dying  in  1861, 
all  trace  of  the  manuscript  appears  to  have  been  lost. 

«  Prefiidential  Address,  Geological  Society  of  Washington,  1896. 
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Fig.  62.— George  Gibbs. 


George  Gibbs  accompanied  a  party  under  the  command  of  Capt. 
George  B.  McClellan  and  made  reports  on  the  country  lying  on  Shoal- 
water  Bay  and  Paget  Sound,  and  also  in  the  central  part  of  what  was 

then  the  Territory  of  Wash- 
uTXS^^'o)^*'^  ington.    His  published  notes 
contained  little  of  geological 
interest.     Gibbs,  it  should  be  stated,  while 
active  in  scientific  matters,  did  little  work 
along  the  broad  lines  of  geology.     His  bib- 
liography consists,  in  addition  to  the  above, 
of  three  brief  notes,  altogether  comprising 
less  than  a  printed  page.     He  thought  to 
have  discovered  that  the  paving   blocks — 
pebbles — on  Waverly  Place  in   New  York 
City  had  through  the  weight  of  traffic  yielded 
as  if  plastic,  so  that  the  concavity  of  one 
fitted  into  a  corresponding  convexity  in  its 
neighbor.     He  also  called  attention  to  the 
"glades"  in  Oakland,  Allegany  County,  Maryland,  which  he  believed 
to  have  been  the  seats  of  ancient  glaciers. 
In  this  connection  mention  should  be  made  of  the  survey  by  Swallow 
of  that  portion  of  the  line  built  under  State  auspices 
the  Southwest  and  extending  from  St.  Louis  westward  to  the  State 

RaiinMui  in  MiMouri,  line  and  known  as  the  Southwest  Branch.  The  report 
of  this  survey  comprised,  all  told,  less  than  one  hundred 
pages,  and  is  of  interest  mainly  for  the  colored  geological  map  of  the 
region  traversed.  It  dealt,  naturally,  mainly  with  economic  questions, 
as  the  distribution  of  the  ores  of  lead,  zinc, 
and  copper  and  the  character  of  the  soil. 

In  1854  the  general  asseml)ly  of  Tennessee 
passed  an  act  creating  for  a  second  time  the 
office  of  geologist  and  mineralogist  of  the 
State.  J.  M.  Safford,  then  holding  the  chair 
of  chemistry,  geology,  and  natural  history 
in  the  Cumberland  Univer- 
TSSSiSe^fsl*"  «ity  at  Lebanon,  Tennessee, 
was  appointed  to  the  posi- 
tion, continuing  to  serve  until  the  outbreak 
of  the  civil  war,  when  the  work  was  aban- 
doned. During  this  time  he  published  two 
biennial  reports,  the  first  in  1856  compris- 
ing 164  pages,  and  the  second  in  1857  com- 
prising but  11  pages.  A  final  volume  on  the  geology  of  Tennessee, 
comprising  550  pages  with  7  plates  of  fossils,  appeared  in  1869  (see 
p.  534). 


Fig.  63.— James  Merrill  Safford. 


Digitized  by  VjOOQ IC 


AMERICAN  GEOLOGY DECADE  OF  1^50-1859.        457 

The  first  report,  known  under  the  title  of  Geological  Reconnaissance 
of  Tennessee,  was  presented  to  the  general  assembly  in  1855,  and  pub- 
lished in  1856.  It  was  given  up  largely  to  a  somewhat  popular  treatise 
on  the  economic  geology  of  the  State,  with  much  interesting  stratigraph- 
ical  matter. 

He  discussed  the  occurrence  of  the  ores  of  iron,  copper,  lead,  zinc, 
and  even  gold  and  silver,  and  included  also  a  brief  chapter  on  Alu- 
minum or  the  Metal  from  Clay.  "Stone  coal"  and  the  marbles 
received  a  share  of  attention,  as  well  as  various  minor  minerals.  From 
a  strictly  geological  standpoint  the  matter  given  in  chapters  5  and  6 — 
the  closing  chapters  of  the  report — was  of  greatest  importance.  Here 
he  dw^lt  on  the  general  geological  structure  of  the  State  and  gave  the 
now  well-known  Cumberland  section,  reproduced  with  the  original 
legend  in  fig.  64,  and  also  an  ideal  cross  section  illustrating  the  geolog- 
ical structure  of  East  Tennessee.  He  pointed  out  the  striking  paral- 
lelism of  the  valleys  and  ridges  and  the  occasional  vertu^al  position  of 
the  beds,  as  well  as  the  frequent  repetition  of  the  same  series  of  beds, 
due  to  folding  and  faulting. 

N.  w.  B    I  8.  E. 


Fio.  61.— Section  from  the  (/umberland,  8  miles  north  of  Jasper,  to  the  Eastern  base  of  Lookout 
Mountain.    ( After  James  M.  Safford.) 
(Length  of  section,  20  mllew;  vertical  scale,  about  five  thousand  feet  to  the  inch.) 
A  and  C,  High  edges,  respectively,  of  the  Cumberland  and  Walden's  ridge,  overlooking  Sequatchee 
Valley,  represented  by  the  depression  between.    D,  Narrow  valley  of  the  Tennessee  River;  the  section 
crosses  a  few  miles  above  Kelly's  Ferry.    E,  Portion  of  the  Walden's  ridge  and  Raccoon  range  cut  off 
by  the  river,  etc.    L,  Lookout  Mountain.    Depression  between  E  and  L,  Valley  of  Lookout  Creek. 

The  unbroken  lines  represent  the  formations  as  they  actually  occur.  The  broken  lines  indicate 
the  elevation  of  the  folds,  and  the  amount  of  matter  removed  by  denudation.  B,  Summit  of  the 
restored  Sequatchee  fold.  I,  I,  Converging  lines  indicating  a  section  of  the  supposed  fi.ssure  or  rent. 
F,  .Summit  of  another  smaller  fold. 

He  grouped  the  rocks  under  fouileen  formations,  extending  from 
the  mica-slate  group  of  metamorphic  rocks  of  Azoic  age  to  the  Allu- 
vial, post-Tertiary  series.  The  much  discussed  and  still  enigmatical 
Ocoee  conglomerates  were  included  in  his  semimetamorphic  series  at 
the  top  of  the  Azoic.  Troost,  it  will  be  remembered,  put  them  at  the 
base  of  his  Cambrian. 

The  importance  of  fossils  for  purposes  of  correlation  was  at  this 
time  distinctlv  recognized. 

Every  formation  Imp,  in  great  part,  its  own  species  of  fossils.  Most  of  those  found 
in  one  do  not  occur  in  any  other.  TjKin  this  fact  depends  the  great  utility  of  fossils. 
They  furnish,  when  known  well  enough  to  be  recognized,  unmistakable  evidence  of 
the  geological  position,  and  hence  the  general  character  of  the  formation  in  which 
they  occur.  ^,^, ,_  ^^  ^OOglc 
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This  report  shows  on  the  part  of  Safford  a  thorough  insight  into  the 
intricacies  of  the  structure  of  the  State  and  an  ability  to  grasp  the 
salient  features  and  master  the  broader  problems  in  a  manner  perhaps 
not  realized  by  many  of  his  contemporaries  and  successors. 

The  second  biennial  report,  which  appeared  in  1857,  gave  simply  a 
brief  account  of  the  objects  and  utility  of  the  survey,  with  a  general 
summary  of  what  had  been  accomplished. 

In  this  connection  Richard  O.  Currey's  Sketch  of  the  Geology  of  the 
same  State  may  be  mentioned  briefly.  CuiTey  had  been  a  pupil  of 
Troost  and  later  a  professor  of  chemistry  and  geology  in  East  Ten- 
nessee University.     His  eeoloerical  writinsfs  are  few 

R.O.Carrey's  Sketch         ,,...,  •    i       x  u  xu      o       j,i, 

oftheo^offvof  and  limited  mainly  to  such  papers  as  the  Southern 
Journal  of  Medical  and  Physical  Sciences,  the  Nash- 
ville Banner,  and  The  Virginias.  The  sketches  above  referred  to  were 
first  published  in  1853  in  the  Nashville  Banner,  and  subsequently 
brought  out,  under  the  title  quoted,  in  form  of  a  booklet  of  128  pages, 
accompanied  by  a  reprint  of  Safford's  map  in  black  and  white. 

In  1854  Dr.  Ebenezer  Emmons  began  the  publication  of  a  work  on 
American  Geology,  the  intention  being,  as  announced  in  the  "pro- 
posals," to  bring  it  out  in  four  or  five  parts,  each  of  which  should 
contain  about  200  pages  of  matter.  The  first  part, 
oSSSS!  t w3k*^**"  containing  194  pages,  was  issued  at  Albany  in  1854. 
It  was  given  up  mainly  to  a  discussion  of  the  general 
principles  of  geology,  of  the  rocks  composing  the  earth's  crust,  and 
some  70  pages  devoted  to  An  Application  of  Geological  Facts  and 
Principles  to  the  Business  of  Mining.  Part  II — the  last  that  was  ever 
issued — comprised  250  pages  and  18  plates,  and  was  given  up  to  an 
exposition  of  the  author's  views  on  the  Taconic  and  Lower  Silurian 
systems  as  developed  in  America  and  England. 

This  work,  as  outlined,  was  by  far  the  most  pretentious  of  its  kind 
that  had  thus  far  appeared  in  America,  antedating  Dana's  Manual  by 
some  ten  years,  and  having  for  its  predecessors  only  the  American 
reprints  of  Bakewell's  Introduction,  Buckland's  Bridgewater  Treatise, 
and  De  La  Beche's  Manual,  besides  the  smaller  text-books  of  Eaton 
and  Emmons,  published  in  the  twenties,  and  which  have  been  pre- 
viously noted.  There  was,  therefore,  ample  room  for  a  work  of  this 
nature,  but  it  is  doubtful  if  the  occasion  was  propitious  or  Emmons 
the  man  for  the  task.  Too  much  of  the  work  (122  pages)  was  given 
up  to  a  defense  of  the  author's  own  peculiar  views,  which  were  not  in 
all  cases  the  best,  or  most  generally  accepted.  His  style  was  i)Oor, 
often  lacking  in  perspicuity,  and  in  many  ways  he  laid  himself  open  to 
savage  onslaughts  of  criticism.^  Unjust  as  much  of  this  criticism  may 
have  been,  Emmons,  it  must  be  confessed,  showed  singular  ignorance 

«8ee  Hall's  review  (unsigned)  in  the  American  Journal  of  Science,  XIX,  May,  1865. 
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of,  or  indifference  toward,  much  of  the  work  that  had  beeii  done  in  the 
West  and  Northwest,  and  his  ideas  regarding  the  early  history  of  the 
globe  were  not  the  most  advanced.  Heat  was  regarded  as  at  first 
the  predominant  and  active  element.  As  the  activity  of  fire  dimin- 
ished, that  of  the  antagonistic  element,  water,  increased.  The  first 
was  paroxysmal  in  its  action,  the  latter  constant.  In  America  he 
found  the  evidences  of  aqueous  agencies  on  a  grand  scale,  but  "vol- 
canic fire"  seemed  so  far  a  thing  of  the  past  that  it  was  "  impossible 
to  obtain  specimens  even  for  laboratory  illustration." 

Fire  or  heat,  he  wrote,  acts  in  four  ways:  (1)  In  the  elevation  of 
areas  by  expansive  forces  beneath  the  crust;  (2)  by  the  transferrence 
of  fused  matter  from  the  interior  to  the  surface;  (3)  by  producing 
areas  of  subsidence,  caused  by  this  loss  of  matter  from  beneath;  and 
(4)  the  elevation  or  depression  of  areas  simply  through  expansion  and 
contraction  of  strata  by  heat  and  cold.  The  internal  heat  he  regarded 
as  effective  in  sustaining  ''that  degree  of  temperature  which  is  best 
fitted  to  the  organic  and  structural  conditions  of  living  beings"  on  the 
earth. 

The  classification  adopted  was  essentially  the  same  as  that  put  out 
in  his  North  Carolina  report  (p.  431)  and  need  not  be  repeated  here. 

The  pyrocrystalline  rocks,  it  may  be  stated,  however,  he  regarded 
as  the  results  of  the  primary  consolidation  of  the  earth's  crust.  The 
fact  that  some  of  these  occurred  in  dikes  he  thought  to  be  due  to  the 
fissuring  of  the  earlier-cooled  portions  of  the  crust  by  shrinkage  and 
the  forcing  up  through  these  fissures  of  the  lower,  still  unconsolidated 
portion.  He  imagined  that  the  age  of  rocks  might  be  deduced  from 
their  crystalline  state,  the  older  having  been  subjected  to  greater  heat 
and  hence  becoming  most  perfectly  fused  and  most  highly  crystalline 
on  cooling.  The  granites  were,  therefore,  regarded  as  the  first  prod- 
ucts of  cooling  and  the  oldest  of  rocks. 

£mmons  regarded  concretions  and  nodules  as  symmetrical  bodies 
due  to  "  a  force  by  virtue  of  which  the  molecules  are  really  transferred 
to  central  points  where,  by  constant  accumulation,"  they  form  the 
concretion.  The  parallel  planes  of  the  rhombic  forms  in  limestones 
and  slaty  rocks,  and  jointed  structure  in  general,  ''admits  of  the  same 
explanation."  The  concentric  weathering  shown  by  massive  rocks 
was  referred  to  the  same  cause.  Further  than  this,  he  regarded  the 
phenomena  of  rift  and  grain  in  a  massive  rock  as  identical  with  cleav- 
age in  a  simple  mineral.  Such  rocks  "are  not  only  composed  of 
crystallized  minerals,  but  they  are  crystalline  in  the  mass." 

The  serpentine  of  Syracuse,  New  York,  he  considered  a  magnesian 
/ock  altered  by  proximity  to  eruptives,  and  he  still  adhered  to  the  idea 
of  the  igneous  origin  of  the  crystalline  limestones  of  St.  Lawrence 
County,  as  announced  in  his  New  York  report.  For  the  first  time  in 
an  American  text-book  there  was  here  recognized  the  relationship 
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existing  between  conglomerates  and  sandstones  as  shore  deposits  and 
the  pelagic,  calcareous,  and  argillaceous  materials  laid  down  at  greater 
depths. 

In  1854  Dr.  William  Kitchell  was  appointed  superintendent  of  the 
geological  survey  of  New  Jersey.  He  continued  in  oflSce  until  the  close 
of  1856,  during  which  time  he  made  three  annual  reports,  being 
assisted  in  the  geological  work  by  George  H.  Cook 
snrveyoffNew  and  in  the  topographic  by  Egbert  L.  Viele.  It  was 
expected  that  Conrad  would  take  charge  of  the  pale- 
ontological  work,  but  failing  health  forcing  him  to  resign,  it  was  placed 
in  the  hands  of  James  Hall.  Up  to  the  time  of  the  discontinuance  of 
the  survey,  however,  Hall  appears  to  have  done  little.  The  vertebrate 
fossils  collected  were  placed  in  the  hands  of  Joseph  Leidy.  Mr.  Henry 
Wurtz  served  as  chemist  and  mineralogist. 

Such  part  of  the  work  as  was  done  directly  by  Kitchell  contained 
little  that  was  original  or  worthy  of  note,  the  stratigraphic  work  being 
almost  wholly  done  by  Professor  Cook.  In  the  first  report  considera- 
ble attention  was  paid  to  the  greenstone  marls,  their  distribution  and 
chemical  composition,  although  other  economic  questions  were  taken 
up,  particularly  those  relating  to  the  iron  ores.  The  magnetic  iron 
ores  were  regarded  as  deposited  contemporaneously  with  the  sedi- 
mentary rocks  in  which  they  were  inclosed. 

In  the  third  annual  report,  printed  in  1856,  Cook  called  attention  to 
the  swamp  lands  and  buried  timber,  and  also  the  apparent  gradual 
encroachments  of  the  sea  in  Cape  May  County,  and  stated  it  as  his 
opinion  that  the  sinking  of  the  coast  was  going  on  at  the  rate  of  about 
2  feet  in  one  hundred  years.  The  white  crystalline  limestone  of  the 
highlands  was  here  classed  as  Azoic. 

The  results  of  these  observations  were  afterwards  printed  with  some 
additional  matter  in  separate  form,  entitled  Geology  of  the  County  of 
Cape  May,  State  of  New  Jersey,  bearing  the  date  of  1857.  This  report 
contained  a  colored  geological  map  of  the  county  and  catalogues  of 
the  zoological  and  botanical  collections  and  a  few  fossil  invertebrates. 

The  survey  was  brought  to  a  close  on  the  1st  of  May,  1856,  owing 
to  the  fact  that  the  State  did  not  feel  able  to  provide  an  appropriation 
for  its  continuance.^ 

The  surveying  party  under  Maj.  W.  H.  Emory,  for  the  purpose  of 

fixing  the  Mexican  boundary  in  accordance  with  the  treaty  of  1854, 

was  accompanied  by  Dr.  C.  C.  Parry  in  the  capacity  of  geologist  and 

.  «  botanistand  Arthur  Schott  as  an  assistant.    Theobser- 

Bmory's  Mexican  i     ,         i  i  i  «        . 

Boundary  Survey,     vations  made  by  thcsc  two  men  were  largely  physio- 
graphical  and  mineralogical,  with  numerous  notes  of  a 
lithological   nature.     Collections  of  fossils  were  fortunately  made, 

«  According  to  Cook  (Geology  of  New  Jersey,  1868),  Kitchell  died  suddenly  in  the 
midst  of  his  active  duties,  leaving  his  notes  and  papers  unarranged  for  publication. 
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which  were  referred  to  Messrs.  Hall  and  Conrad  for  determination  and 
report.  The  published  report,  the  work  of  all  the  above  mentioned, 
comprised  but  174  pages  of  text,  with  21  plates  of  fossils.  It  was, 
however,  noteworthy  in  containing  a  colored  geological  map  of  the 
Miswssippi  Valley  and  country  to  the  west.  This  'has  the  distinction 
of  being  the  earliest  colored  geological  map  of  the  region  published  by 
the  Government.  It  is,  moreover,  of  historical  interest  as  showing 
how  little  was  definitely  known  of  the  region.  The  known  mountain 
ranges  were  colored  as  metamorphic,  often  flanked  by  more  or  less 
sinuous,  narrow  bands  of  Cretaceous  and  Carboniferous  rocks.  Large 
areas  of  igneous  rocks  were  represented  as  occurring  in  the  extreme 
northwest  (California,  Oregon,  and  Washington),  but  the  great  inte- 
rior, the  Great  Basin  region,  was  left  almost  entirely^  blank — geolog- 
ically a  terra  incognita. 

The  fossils,  collected  largely  from  Texas,  were  almost  wholly  Ter- 
tiary, Cretaceous,  and  Upper  Carboniferous  forms.  A  few  Lower 
Silurian  forms  were  figured  and  named  by  Hall,  but  no  descriptions 
were  given. 

What  should  have  been  the  most  important  work  on  economic 
geology  of  the  year,  and  perhaps  the  most  important  thus  far  to 
appear,  with  the  exception  of  Whitney's  Metallic  Wealth  of  the  United 
States,  already  noted,  was  Lesley's  Manual  of  Coal 
c2d!^/856."'"*'***  and  its  Topography,  i.ssued  in  1856— an  octavo  volume 
of  224  pages.  The  scope  of  the  volume  was,  however, 
scarcely  what  one  would  be  led  to  expect  from  its  title,  and  its  possible 
usefulness  sadly  marred  by  the  personal  claims  of  the  author.  Not 
confining  himself  to  the  subject  of  coal  and  its  topography,  he  entered 
freely  into  the  subject  of  mountain  structure,  with  especial  reference 
to  the  Appalachians,  the  formation  of  valleys,  theories  of  the  drift, 
topographical  drawing,  and  kindred  subjects.  Lesley  was,  it  should 
be  remembered,  a^topographical  assistant  on  the  survey  under  Rogers 
in  1839-1851.  Reference  to  his  work  while  on  the  survey  is  there- 
fore to  be  expected,  though  it  must  be  confessed  one's  expectations 
are  somewhat  exceeded  when  he  lays  claim,  on  his  own  behalf  and 
that  of  Messrs.  Whelpley  and  Henderson — also  assistants  on  the 
Rogers  survey — to  having  been  the  first  to  unravel  the  intricacies  of 
Appalachian  structure.  ''Years  of  patient  toil,"  he  writes,  "it  cost 
us  to  unfold  the  mysteries  of  the  Pennsylvania  and  Virginia  range." 
This  same  claim,  in  an  even  more  aggressive  form,  he  put  forward 
again  three  years  later,  in  his  Iron  Manufacturer's  Guide,  which 
appeared  under  the  authorit}^  of  the  American  Iron  Association,  of 
which  he  was  secretary,  in  1859.^ 

« These  attacks  brought  forth  an  emphatic  rejoinder  from  R.  E.  Rogers  (a  brother 
of  H.  D.  Rogers),  which  was  printed  privately  in  form  of  a  pamphlet  of  22  pages, 
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The  merits  of  the  case  can  not  here  be  decided,  but  it  would  seem 
most  probable  that  this  offers  but  another  illustration  of  the  experi- 
ences of  every  executive  who  has  planned,  directed,  and  rendered 
possible  the  work  of  subordinates,  only  to  find  in  the  end  that  the 
value  of  his  instrumentality  is  quite  underestimated,  and  all  credit 
claimed  by  him  to  whom  opportunity  was  given. 

In  1856  Dr.  Edward  Hitchcock  came  once  more  to  the  front  through 
the  medium  of  the  Smithsonian  Contributions  to  Knowledge  with  a 
paper  of  some  150  royal  quarto  pages  and  12  plates.  In  this  he  con- 
Dr  Ed  ard  sidcred  all  changes  which  had  taken  place  since  the 

Hitchcock's  close  of  the  Tertiary  period  as  belonging  to  the  ''allu- 

surtece  Geology,  vial  formation,"  and  due  to  causes  still  in  operation. 
The  products  of  these  changes  he  classed  as  (1)  drift 
unmodified  and  (2)  drift  modified,  under  the  latter  including  such 
deposits  as  beaches,  ancient  and  modern;  submarine  ridges;  sea  bot- 
toms; osars;  dunes;  terraces;  deltas,  and  moraines.  The  drift  proper 
he  regarded  as  a  product  of  "several  agencies — icebergs,  glaciers, 
landslips,  and  waves  of  translation" — which,  though  more  active  in 
the  past  than  now,  are  still  at  work.  The  sandy  and  gravelly  plains 
(the  overwash  of  modern  geologists)  and  the  low  ridges  of  New  Eng- 
land were  thought  to  represent  old  sea  bottoms,  to  be  ''explained  only 
by  the  former  presence  of  the  ocean  above  them,  with  its  tides  and 
currents." 

The  terraces  of  the  Connecticut  River  were  described  in  great  detail, 
with  numerous  references  to  those  of  other  regions,  both  at  home  and 
abroad.  The  chief  agency  in  the  formation  of  these  appeared  to  him, 
and  rightly,  to  have  been  water.  Moraine  terraces,  however,  demanded 
the  action  of  stranded  icebergs  in  addition.  To  account  for  the  drift 
accumulations  at  various  altitudes,  he  conceived  that  the  ocean  water 
must  have  stood  some  2,500  feet  above  its  present  level.  He  conceived 
further  "that  all  the  northern  part  of  this  continent,  at  least  all  east 
of  the  Mississippi,  had  been  covered  by  the  ocean  since  the  glacial 
period,"  in  this  agreeing  with  Agassiz.  As  to.the  origin  of  the  mate- 
rial of  the  "irregular  coarse  deposit  beneath  the  modified  beaches  and 
terraces,"  he  agreed  essentially  with  the  German  geologist,  Naumann, 
in  supposing  that:  (1)  The  eroding  materials  must  have  been  conmii- 
nuted  stone;  (2)  they  must  haf e  been  borne  along  under  heavy  pres- 
sure; (3)  the  moving  force  must  have  operated  slowly  and  with 
prodigious  energy,  and  (4)  moving  in  a  nearly  uniform  direction, 
though  liable  to  local  divergence;  (5)  the  vehicle  of  the  eroded  mate- 
rial could  not  have  been  water  alone,  (6)  "but  a  firm  and  heavy  mass, 
somewhat  plastic.  "Where,  now,  save  in  glaciers,  icebergs,  and  ice 
islands  can  we  find  agencies  that  meet  the  conditions  of  the  above 
principles  respecting  drift?"  The  exact  period  of  operation  of  the 
drift  agency  naturally  he  found  difficulty  in  determining.     He  felt 
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that  while  the  greater  part  of  the  work  was  accomplished  before  the 
continent  had  emerged  very  considerably  from  the  water,  nevertheless 
the  work  of  erosion  went  on  for  some  time  after  emergence  began. 

In  his  discussion  relative  to  traces  of  ancient  glaciers  he  called  atten- 
tion to  the  occurrence  of  two  series  of  striae,  diflfering  in  their  direc- 
tion, the  more  extensive  being  what  he  termed  ^'  drift  striae,"  and  the 
second,  much  more  limited  in  extent,  ^'glacial  striae,"  the  latter  being 
confined  to  the  valleys.  The  first  he  thought  due  to  aqueo-glacial 
causes;  the  last  to  glaciers  existing  earlier  than  the  drift.  Further 
investigation  brought  to  light  other  striae  which  seemed  quite  as  recent 
as  any  caused  by  the  drift  agency,  and  he  confessed  to  a  feeling  of 
doubt  as  to  which  of  the  agencies  was  earliest.  "  Perhaps  there  were 
two  periods  of  glaciers,  one  before  and  one  subsequent  to  the  drift. 

The  facts  concerning  the  dispersion  of  bowlders  he  thought  could  be 
more  satisfactorily  explained  by  icebergs  than  by  glaciers,  since  this 
transportation  and  scattering  continued  till  after  the  time  when  a  large 
part  of  the  beaches  and  terraces  were  formed.  Glaciers  would  have 
plowed  tracks  through  stratified  deposits.  Icebergs  such  as  now 
traverse  the  Atlantic  might  carry  bowlders  over  the  beaches  and  ter- 
races and  drop  them  from  time  to  time,  forming  thus  the  intermixture 
of  coarse,  angular  blocks  and  beach  or  terrace  material  as  we  now  find 
it.  "The  supposition  that  a  glacier  once  existed  on  this  continent, 
wide  enough  to  reach  from  Newfoundland  to  the  Rocky  Mountains,  is 
the  grand  difficulty  in  the  way  of  the  glacial  theory."  (See  further 
on  p.  471.) 

The  illustrations  accompanying  this  paper  were  beautifully  exe- 
cuted, perhaps  the  best,  both  those  in  color  and  in  black  and  white, 
that  had  thus  far  been  produced. 

A  second  work  of  Hitchcock,  published  this  same  year  and  needing 
a  brief  reference,  was  his  Geology  of  the  Globe,  a  small  octavo  volume 
of  136  pages,  6  plates  of  fossils,  and  2  colored  geological  maps,  one 
of  the  United  States  and  (Canada  and  one  of  the  world. 

The  source  of  inspiration  was  evidently  Boue's  treatise  published 
under  the  auspices  of  the  Geological  Society  of  France.  On  the  maps 
the  various  formations,  indicated  by  color,  were:  (1)  Hypozoic  and 
metamorphic  strata,  with  granite,  syenite,  and  some  porphyries;  (2) 
Primary  fossiliferous  strata  to  the  top  of  the  Carboniferous;  (3)  Sec- 
ondary strata;  (4)  Tertiary  strata:  (5)  Alluvial  deposits;  and  (6)  Vol- 
canoes and  igneous  rocks  of  the  Alluvial  and  Tertiary  periods. 
Comparatively  few  areas  are  left  uncolored — areas  scarcely  larger  than 
those  left  as  unknown  or  uncertain  on  the  map  published  in  1884  by 
the  official  survey  of  the  United  States.  When  one  thinks  of  this  he 
can  but  smile  at  the  naive  remark  of  the  author  when  referring  to  the 
coloring:  "Nor  can  1  doubt  that  it  is  done  approximately  correct." 
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Such  a  work  was  necessarily  largely  a  compilation  and  contained 
little  original  matter. 

J.  D.  Dana,  in  an  article  On  the  Plan  of  Development  in  the  Geo- 
logical History  of  North  America,  called  attention  to  the  fact  that  the 
greater  mountain  ranges  border  on  the  greater  oceans  in  both  Ameri- 
^  «.      .  cas,  also  to  the  apparent  fact  that  volcanic  activity,  or 

Dana  on  the  PUn  of  .  i  -    ,  .  ^   i 

Development  of  North  at  icast  the  evidence  of  the  action  of  heat,  was  sfreat- 

Amerlca,  1856.  ,         i      .  i 

est  along  the  coasts  bordering  on  the  greater  oceans. 
Assuming  that  the  typical  form  of  a  continent  is  a  basin  with  bor- 
ders of  mountains  facing  the  oceans,  and  the  heights  of  the  mountains 
and  volcanic  activity  are  proportional  to  the  size  of  the  oceans,  and 
again  that  volcanoes  characterize  oceanic  islands  and  not  continental 
interiors,  he  showed  that  the  extent  and  position  of  oceanic  depres- 
sions have  in  a  great  degree  deteimined  the  features  of  the  land;  that 
oceanic  depression  and  continental  elevation  have  both 
been  in  progress  with  mutual  reaction  from  the  begin- 
ning of  the  earth's  refrigeration.  The  original  V-shaped 
character  of  the  North  American  continent  he  showed 
to  be  due  to  the  forces  acting  from  the  two  oceans. 

"Contraction  was  the  power,  under  Divine  Direction, 
which  led  to  the  oscillations  of  the  crust,  the  varied  suc- 
cessions in  the  strata.'"  These  view^s,  it  will  be  observed, 
are  largely  in  accordance  with  those  advanced  in  his 
Wilkes  Exploring  Expedition  report  in  1849. 
I  "  Prior  to  1856  the  age  of  the  slates  of  Braintree,  Mas- 

Ljj^^^^^  sachusetts,  had  been  problematical.     By 

^^^^Bi      PartdI»xidSf,*7856.    ^^^^^  ^^  ^^^  gcologists  of  the  time  they 
^^^^^H  had  been  considered  as  Primary  or,  pos- 

^^^^^"^      siblv.  Transitional.     A  distinct  advance  was,  therefore, 

Fig.  65.  — Para-  ",      ,         i  ,  .  .  *       i 

doxides  hariani.  marked  whcn,  at  the  August,  1856,  meeting  of  the 
Boston  Society  of  Natural  History,  Prof.  W.  B.  Rogers 
announced  the  finding  in  these  slates  of  trilobites,  later  identified  as 
belonging  to  Barrande's  Panidoxides  and  perhaps  identical  with 
Green's  Paradoxldes  harlan!^  which  had  been  described  from  a  speci- 
men, source  unknown,  in  the  cabinet  of  Mr.  Francis  Alger.  On 
presentation  of  this  evidence  Rogers  felt  justified  in  referring  the 
Braintree  slates  to  the  horizon  of  the  lowest  Paleozoic  group,  or 
about  the  level  of  the  Primal  rocks,  the  Potsdam  sandstone,  and  the 
Protozoic  sandstone  of  Owen.  The  beds,  it  may  be  noted,  are,  in  the 
latest  edition  of  Dana's  Manual  (1894),  referred  to  the  Middle  Cam- 
brian, and,  therefore,  lie  below  the  Potsdam. 

With  the  exception  of  the  papers  by  Dana  and  Couthouy,  scarcely 
anything  of  consequence  on  the  subject  of  corals,  geologically  consid- 
ered, had  thus  far  appeared  from  the  pen  of  an  American.  At  the 
meeting  of  the  American  Association  for  the  Advancement  of  Science, 
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in  1857,  Joseph  Le  Conte,  then  professor  of  chemistry  and  geology 
in  the  University  of  South  Carolina,  made  his  first  appearance  in  the 

geological  arena,  with  a  paper,  subsequently  pub- 
OaSSi^Qr^h^isA.  ^^^^^^  1"  *^he  American  Journal  of  Science,  in  which  he 

argued  that  the  peninsula  of  Florida  owed  its  southern 
continuation  to  a  double  process  of  coral-reef  growth  and  sedimenta- 
tion from  the  Gulf  Stream.  It  was  his  idea  that  the  sediments  brought 
down  by  the  Mississippi  sank  to  a  depth  beyond  observation  before 
reaching  the  Keys,  but  were  gradually  deposited  along  the  inner  side 
of  the  curve  formed  by  the  current  as  it  parsed  around  the  point. 
When  the  bottom  should  have  become  sufficiently  elevated  by  this 
process,  a  new  reef  would  begin  to  form.  This  process  he  thought  to 
have  gone  on  until  the  channel  had  become  narrowed  as  now,  and  the 
rush  of  water,  together  with  the  depth,  practically  precluded  further 
deposition.  Waves  throwing  broken  material  upon  the  beaches  would 
serve  to  fill  the  old  channels  and  convert  them  into  dry  land.  In  brief, 
"the  peninsula  and  Keys  of  Florida  have  been  the  result  of  the  com- 
bined action  of  at  least  three  agencies.  First,  the  Gulf  Stream  laid 
the  foundation;  upon  that  corals  built  up  to  the  water  level;  and, 
finally,  the  work  was  completed  by  the  waves." 

Le  Conte  further  conceived  that  the  rate  of  flow  of  the  Gulf  Stream 
has  been  gradually  accelerated  by  the  narrowing  of  its  channel,  and 
hence  had  made  itself  manifest  at  a  greater  distance  into  the  Atlantic, 
thus  bringing  about  a  gradual  amelioration  of  the  climate  of  England. 
In  1855  the  first  State  geological  survey  of  Iowa  was  organized,  and 
Dr.  James  Hall  made  State  geologist.  The  organization  continued 
through  1858.     The  reports  of  the  survey  appeared  in  the  form  of 

two  octavo  volumes,  of  which  the  second  volume  was 
sorvey  of  Iowa.        given  up  wholly  to  palcoutology .     Hall  was  assisted 

in  this  survey  by  J.  D.  Whitney,  who  served  as 
chemist  and  mineralogist,  and  by  A.  H.  Worthen,  F.  B.  Meek,  and 
R.  P.  Whitfield. 

Hall  noted  the  rapid  westward  thinning  out  of  the  various  beds  of 
sedimentary  rocks,  including  those  of  the  Hudson  River,  Medina, 
Clinton,  Niagara,  and  Onondaga  salt  group,  and  Catskill  Mountain 
grpup,  and  made  the  following  comment: 

This  remarkable  fact  of  the  thinning  out  westerly  of  all  the  sedimentary  forma- 
tions points  to  a  cause  in  the  conditions  of  the  ancient  ocean,  and  the  currents  which 
transported  the  great  mass  of  material  along  certain  lines,  which  became  the  lines 
of  greatest  accumulation  of  sediments,  and  consequently  present  the  greatest  thick- 
ness of  strata  at  the  present  time.  It  is  this  great  thickness  of  strata,  whether  dis- 
turbed and  inclined  as  in  the  Green  and  White  mountains  and  the  Appalachians 
generally,  or  lying  horizontally  as  in  the  Catskill  Mountains,  that  gives  the  strong 
features  to  the  hilly  and  mountainous  country  of  the  East  and  which  gradually  dies 
out  as  we  go  westward  just  in  proportion  as  the  strata  become  attenuated. 
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Again,  with  reference  to  the  subdued  features  of  the  West,  he 
wrote: 

The  thickness  of  the  entire  series  of  sedimentary  rocks,  no  matter  how  much  dis- 
turbed and  denuded,  is  not  here  great  enough  to  produce  mountain  features. 

In  this,  it  will  be  observed,  is  given  the  gist  of  his  theory  of  moun-^ 
tain  formation,  as  announced  two  years  later. 

Numerous  changes  in  nomenclature  and  important  correlations  were 
made,  or  at  least  attempted.  The  Lower  Magnesian  limestone  of 
Owen  he  considered  as  identical  with  the  Calciferous  of  New  York, 
and  gave  the  name  Galena  to  the  limestone  immediately  succeeding 
the  Trenton,  and  which  Owen  had  called  Upper  Magnesian.  The 
"Coralline  and  Upper  Pentamerus  beds  of  the  Upper  Magnesian 
limestone,"  of  Owen,  he  identified  as  Niagara,  and  proposed  the  name 
Leclaire  to  designate  a  gray  to  whitish  limestone  lying  next  above  the 
Niagara  and  found  outcropping  near  the  town  of  that  name.  The 
entire  series  of  Coal  Measure  rocks  he  showed  to  have  been  deposited 
after  the  disturbances  producing  the  low  folds  in  the  Silurian  rocks, 
illustrating  their  relative  position  by  the  section  here  reproduced. 

The  encrinital  group  of  Burlington  and  that  of  Hannibal,  Missouri, 
thought  by  D.  D.  Owen  to  be  distinct,  were  considered  by  Hall  to  be 
identical.  The  entire  series  of  Carboniferous  limestones  were  regarded 
as  "  successively  deposited  in  an  ocean,  the  limits  of  which  were  grad- 
ually contracted  upon  the  north  while  at  the  south  the  conditions  were 
becoming  more  and  more  favorable  to  the  development  of  this  kind  of 
deposition  and  to  the  support  of  the  fauna  which  abounded  throughout 
the  period,  until  both  culminated  in  the  great  limestone  formation  of 
Kaskaskia.     (The  Archimedes  limestone  of  Owen.) 

In  discussing  the  relationship  of  the  limestone  and  coal,  Hall  quoted 
from  his  report  on  the  geology  and  paleontology  of  the  Mexican 
Boundary,  elsewhere  alluded  to.     With  reference  to  this  he  wrote: 

The  conditions  favorable  to  the  production  of  an  extensive  deposit  of  marine  lime- 
stone are  not  such  as  usually  accompany  the  production  of  coal.  In  the  present 
instance  the  ocean,  depositing  the  great  limestone  formations  previous  to  the  coal 
period,  occupied  to  a  great  extent  the  present  area  of  the  Coal  Meai^ures  which  suc- 
ceeded in  the  valley  of  the  Mississippi.  *  *  *  We  begin  thus  to  comprehend  the 
truth,  that  during  the  period  of  the  great  coal  formations  of  the  West,  in  which  these 
calcareous  deposits  were  in  course  of  formation — that  during  the  oscillations  which 
we  know  to  have  occurred  throughout  the  coal  period  there  was  a  time  when  the 
whole  area  became  depressed  so  as  to  allow  the  waters  of  the  western  ocean  to 
flow  overall  the  Coal  Measure  region;  or,  at  least,  as  far  northward  and  eastward 
as  the  northeastern  part  of  Ohio,  and  from  hence  it  derived  the  limestone  under 
consideration. 

The  series  of  beds  immediately^  underlying  the  Carboniferous  rocks 
at  Burlington,  and  now  considered  as  Kinderhook  (sub-Carboniferous), 
Hall  relegated  to  the  Chemung;  this  proved  to  be  an  error,  and  one 
that  it  required  many  years  to  eradicate.  r^^^^l^ 

^  ^   ^  Digitized  by  CjOOgle 
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It  waH  noted  that  the  Potsdam  sandstone  seemed  likely  to  be  found 
strongly  developed  in  the  Rocky  Mountain  region. 

Subsequent  to  this  period,  however,  every  sedimentary  formation  indicates  the 
proximity  of  land  on  the  east.  The  great  thickness  of  strata,  coarse  materials,  and 
numerous  fucoids  of  the  Hudson  River  group  in  its  eastern  extension  indicate  prox- 
imity to  land,  or  the  course  of  strong  currents,  while  in  the  west  the  formation  dies 
out  in  some  inconspicuous  fine  shaly  and  calcareous  beds,  which,  both  in  nature  and 
condition  of  the  material  and  in  the  fossil  contents,  indicate  great  distance  from  land 
and  a  quiet  ocean. « 

Hall  took  the  ground  that  the  treeless  character  of  the  prairies  was 
due  mainly  to  the  character  of  the  soil,  and  inferred,  on  what  seemed 


«The  volumes  of  this  work  now  in  the  library  of  the  National  Museum  were  the 
personal  property  of  F.  B.  Meek,  and  many  of  the  statements  made  by  Hall  are  sav- 
agely criticised  by  the  former  in  marginal  notes.  Thus,  with  reference  to  Hall's 
statements  as  to  the  Potsdam,  Meek  notes:  **It  was  quite  safe  for  him  to  make  this 
prediction,  when  he  knew  at  the  time  he  was  writing  it,  I  had  identified  Potsdam 
fossils  in  Hayden's  collections  from  the  Black  Hills.  These  fossils  were  then  in  Pro- 
fessor Hall's  house — he  had  seen  them  and  heard  me  say  I  regarded  them  as  Potsdam 
species." 

Still  jealous  of  his  discoveries  of  supposed  Permian  fossils  in  the  West,  Meek  also 
bitterly  criticised  Hall's  reference  to  the  occurrence  of  Permian  and  Jurassic  rocks  in 
the  Rocky  Mountain  region,  and  added  in  the  margin:  ''This  was  all  intended  to 
bear  the  date  of  1857,  although  every  word  of  it  was  written  after  the  publication  of 
our  (i.  e.,  Meek  and  Hayden)  Permian  and  Jurassic  discoveries  in  1858." 

Again  on  page  142,  Hall  stated:  *'In  the  early  part  of  1857  Mr.  Worthen  placed 
in  the  hands  of  the  writer  some  peculiar  fossils  collected  several  years  since  in 
Illinois  and  supposed  to  be  from  the  Coal  Measures.  These,  however,  were  at  once 
recognized  as  of  peculiar  forms,  differing  from  Coal-Measure  fossils,  and  a  farther 
examination  proves  them  to  be  of  Permian  types,  and  closely  allied  to  British 
species."  To  this  statement  Meek  has  added  the  following  marginal  note:  **  At  the 
time  he  obtained  these  fossils  from  Mr.  W.  he  told  Mr.  W.  he  regarded  them  as 
lower  Cretaceous  forms."  Also  **If  he  had  stated  when  this  Mater*  examination 
was  made,  it  would  have  been  all  right;  but  he  leaves  it  to  be  inferred  that  it  was 
sometime  in  1857,  when,  in  fact,  it  was  not  until  after  the  publication  of  our  paper 
on  the  Kansas  fossils  on  the  2nd  of  March,  1858;  and  yet  he  intended  at  that  time 
that  this  report  should  bear  the  date  of  1857." 

On  page  144  Hall  suggested  the  probability  of  finding  in  the  West  beds  of  the  age  of 
the  Jura  or  Oolite  of  Europe.  To  this  Meek  has  added  the  following:  "How  wonder- 
fully sagacious  he  was  to  make  this  prediction,  when  he  knew  we  had  Jurassic  fossils 
then  in  his  house  (which  he  had  seen)  from  the  Black  Hills,  Nebraska!  Yet  what 
is  here  written  is  intended  to  date  in  1857." 

Again,  Hall  says:  **Thus  far  the  collections  made  in  the  explorations  across  this 
western  country  have  brought  us  no  true  Jurassic  fost^ils,  and  it  in  only  in  the  far 
north  and  upon  the  Pacific  coast,  as  well  also  as  in  the  southern  extremity  of  the 
continent,  that  we  have  the  evidences  of  the  existence  of  these  rocks  l)elow  the  Cre- 
taceous formation."  To  which  Meek  api)ended  the  following:  "At  the  very  time 
when  Professor  Hall  wrote  those  words  some  of  Doctor  Hayden's  Jurassic  fossils  from 
the  Black  Hills  were  lying  in  a  tray  within  fifteen  feet  of  him,  in  an  adjoining  room. 
I  had  called  his  attention  to  them  and  told  him  I  was  satisfied  they  must  be  Jurassic 
forms." 

It  is  the  old  story  of  jealousy  and  heartburning  (warranted  in  this  case,  it  may  be) 
which  seems  an  almost  invariable  outcome  of  any  attempt  at  mutua,|jp,9|Jj^j^^igi^     [^ 
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to  him  to  be  reasonable  grounds,  that  the  soil  itself  originated  in  form 
of  an  almost  impalpable  sediment,  which  gradually  accumulated  on 
the  bottom  of  an  immense  lake  which  once  occupied  the  region. 

Hall,  as  already  noted,  was  assisted  in  his  work  on  the  geological 
survey  of  Iowa  by  J.  D.  Whitney,  who  served  as  chemist  and  miner- 
alogist. A  good  deal  of  attention  was  given  by  Whitney  to  the  chem- 
ical nature  of  the  coals  and  the  distribution  and  mode 
lowaVf^M.^*****"  ^^  occurrence  of  the  lead  and  zinc  ores.  There  was, 
however,  very  little  of  a  theoretical  nature,  and  specu- 
lations regarding  the  origin  of  the  ores  were  almost  entirely  lacking. 
He  regarded  the  iron  ore  of  Jackson  as  having  originated,  in  some 
instances  at  least,  through  the  decomposition  of  nodules  of  iron  pyrites 
which  are  distributed  irregularly  through  the  rock.  In  other  cases  he 
thought  it  to  be  a  deposit  from  springs,  the  original  material,  how- 
ever, having  been  derived  from  the  decomposition  of  pyrite,  as  before. 

Considerable  attention  was  naturally  given  to  the  lead  and  zinc  ores. 
He  noted  that  where  the  Galena  limestone  had  a  maximum  thickness, 
the  lead  deposits  were  limited  to  the  central  and  lower  portions  of  the 
rock,  and  never  penetrated  the  Blue  limestone,  and  he  had  satisfied 
himself  that,  in  a  great  majority  of  cases  at  least,  the  deposits  diminished 
in  productiveness  rapidly  after  passing  below  a  limit  perhaps  fifty 
feet  above  the  base  of  the  Galena.  When,  however,  tlie  Galena  lime- 
stone was  diminished  in  thickness,  he  noted  that  the  lead  deposits  were 
found  in  lower  and  lower  positions  until,  at  last,  the  bottom  of  the 
Blue  limestone  was  reached,  where  the  Upper  sandstone  entirely  cut 
oflf  the  ore,  there  having  never  been  a  single  instance,  so  far  as  he  had 
ascertained,  in  which  a  crevice  had  been  worked  in  that  rock. 

He  found  reason,  therefore,  to  differ  somewhat  with  Owen  in  his 
statement  to  the  effect  that  when  a  mine  was  sunk  through  the  Cliff 
to  the  Blue  limestone  beneath,  the  lodes  shrank  to  insignificance,  as 
considerable  deposits  of  ore  had  been  worked  in  the  Blue  limestone, 
though  by  far  the  larger  portion  of  the  lead  of  the  upper  mines  c^me 
from  the  lead-bearing  rock. 

As  to  the  possibility  of  the  lead-bearing  crevices  extending  down- 
ward indefinitely  and  the  probability  of  deep  mining  ever  being  likely 
to  prove  profitable,  Whitney  wrote,  ''The  question  can  be  answered 
unhesitatingly  in  the  negative,"  and  went  on  to  state  that  the  most 
profitable  method  of  mining  will  be  in  the  form  of  horizontal  excava- 
tions or  drifts  and  not  by  means  of  vertical  shafts. 

The  Iowa  lead  deposits,  it  should  be  noted,  he  regarded  as  occurring 
in  gash  veins.  The  mineral  deposits  of  the  Northwest  in  genei^al  were 
classified  under  the  heads  of  surface  deposits,  vertical  crevices,  and  flat 
sheets,  as  in  his  work  on  the  metallic  wealth  of  the  United  States 
(p.  438). 

Perhaps  the  most  peculiar  idea  advanced  by  W^hitney  in  any  part 
of  his  report  is  that  regarding  the  origin  of  the  siliceous  matter  of  the 
Potsdam  sandstone.  L.,y,u^t.u  uy  ^-  ^  ^^  ^^ 
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It  has  been  generally  assumed  that  such  sandstones  were  originally  formed  by 
mechanical  agencies,  the  material  being  supposed  to  have  gradually  accumulated 
from  the  grinding  down  of  previously  existing  quartzose  rocks.  The  facts  collected, 
however,  seem  rather  to  j)oint  to  chemical  than  mechanical  causes.  *  *  *  We 
can  hardly  understand  how  such  an  amount  of  quartzose  sand  could  have  been  accu- 
mulated without  its  containing  at  the  same  time  a  considerable  quantity  of  detritus, 
which  could  be  recognized  as  having  come  from  the  destruction  of  the  schistose, 
feldspath,  and  trappean  rocks,  which  make  up  the  larger  portion  of  the  Azoic  series 
wherever  it  has  been  examined.  The  uniform  size  of  the  grains  of  which  the  sand- 
stone is  composed  and  the  tendency  to  the  development  of  crystalline  facets  in  them 
are  additional  facts  which  suggest  the  idea  of  chemical  precipitation  rather  than  of 
mechanical  accumulation. « 

In  185()  Prof.  Edwai*d  Hitchcock  was  appointed  State  geologist  of 
Vermont,  and  continued  to  serve  until  1860,  at  which  time  he  submitted 
his  final  report,  which  appeared  in  1861  in  the  form  of  two  quarto  vol- 
umes oS  982  pages,  accompanied  by  a  colored  geolog- 
Oeoiosyof  vennont,  ical  map  of  the  State,  two  maps  showing  the  terraces 
and  beaches,  and  35  plates  of  scenery,  fossils,  sections, 
etc.  Hitchcock  was  assisted  in  the  work  by  his  sons,  Eidward  Hitch- 
cock, jr.,  and  C.  H.  Hitchcock,  and  by  Albert  D.  Hager,  in  whose 
charge  was  placed  the  final  publication  of  the  work. 

The  main  objects  of  the  survey,  as  outlined  in  the  introduction,  were 
first,  to  gain  such  a  knowledge  of  the  solid  rocks  of  the  State  as  to  be 
able  to  delineate  them  upon  maps  and  sections;  second,  to  study  the 
loose  deposits  lying  upon  the  solid  rocks  and  trace  out  the  changes 
which  the  surface  of  the  State  had  undergone;  third,  to  collect,  arrange, 
and  name  specimens  of  rocks,  minerals,  and  fossils  from  every  part  of 
the  State  for  the  State  cabinet;  fourth,  to  obtain  a  full  collection,  for 
the  same  cabinet,  of  specimens  valuable  from  an  economic  standpoint; 
and  fifth,  to  identify  the  metamorphosed  rocks  of  the  State  with  those 
which  had  not  been  thus  changed. 

The  systematic  geology  was  in  immediate  charge  of  Professor 
Hitchcock,  though  aided  by  C  B.  Adams,  Zadock  Thompson,  A.  I). 
Hager,  and  C.  H.  Hitchcock.  The  economic  geology  was  in  charge 
of  Hager,  and  the  chemistry,  of  C.  H.  Hitchcock.  The  Rev.  S.  K. 
Hall  aided  in  the  preparation  of  a  report  on  the  northern  part  of  the 
State  and  its  agricultural  possibilities.  The  paleontological  work  was 
done  by  James  Hall,  and  the  paleobotanical  by  Lesquereux.  Hitch- 
cock recognized  at  this  date  that  each  riH»k  formation  was  character- 
ized by  its  peculiar  group  of  fossils  not  found  in  any  other;  so  that  a 
paleontologist,  on  seeing  a  specimen,  could  usually  tell  from  which  of 

«The  explanation  of  this  error  lies  in  the  fact  that  the  grains  of  which  this  sand- 
stone is  made  up  have  been  cemented  by  a  secondary  deposition  of  interstitial 
silica,  so  deposited  as  to  convert  each  granule  into  a  more  or  less  perfect  crystal,  of 
which  the  original  sand  grain  forms  the  nucleus.  It  is  a  case  of  secondary  growth 
and  enlargement,  a  phenomenon  now  well  known  to  every  petrographer,  but 
undreamed  of  at  the  time  of  Whitney's  writing. 
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the  series  it  came,  thus  indicating  a  great  advance  over  any  of  his  pre- 
vious reports. 

His  views  on  metamorphism  and  the  production  of  schistose  and 
slaty  cleavage  were  still,  however,  in  an  immature  state.  It  is  to  be 
noted,  however,  that  all  through  his  work  he  is  far  from  being  dog- 
matic, usually  contenting  himself  with  a  discussion  of,  and  full  quota- 
tions from,  the  expressed  opinions  of  others,  stating  his  reasons  for 
adopting  or  rejecting  any  one,  as  the  case  ma}^  have  been. 

Referring  to  the  agencies  of  metamoi-phism,  and  particular!}'  the 
chemical  changes  involved  in  the  '^transfer  of  ingredients  from  one 
part  of  a  mass  to  another,''  he  wrote:  ''We  know  of  no  other  agency 
by  which  this  could  be  produced,  except  by  galvanism."  To  the  same 
agency  he  would  ascribe  the  production  of  cleavage,  foliation,  and 
joints.  He  nevertheless  recognized  the  possibility  of  the  metamor- 
phism of  sediments  through  pressure,  and  dwelt  in  considemble  detail 
upon  the  elongation  and  flattening  of  pebbles  in  the  conglomerates 
near  Newport,  Rhode  Island.  The  jointing  of  rocks  in  these  conglom- 
erates he  regarded,  as  already  stated,  as  due  "to  some  polar  force  such 
as  heat  or  galvanism.  Mere  shrinkage  could  not  have  separated  the 
pebbles  so  smoothly,  much  less  could  a  strain  from  beneath  have  thus 
fractured  them.  *  *  *  ^  mere  inspection  of  the  rock  in  place  will 
satisfy  anyone  that  no  mechanical  agency  is  sufficient  to  explain  these 
phenomena."  Yet  to-day  "mere  inspection"  will  satisfy  anyone  that 
mechanical  agency  is  amph'  sufficient.     (See  also  p.  510.) 

He  regarded  feldspar  in  all  of  the  crystalline  rocks  as  the  result  of 
a  process  of  metamorphism: 

Siliciites  probably  furnished  the  ingredients,  which,  being  abstracted  by  hot  water, 
left  the  excess  of  silica  in  the  form  of  ijuartz,  and  formed  the  feldspar  and  mica  t<i 
fill  up  the  interstices.  The  feldspar,  which  has  converted  the  cement  into  gneiss, 
could  have  no  other  origin,  and  this  fact,  in  connection  with  all  the  rest  which  have 
been  adduced,  forces  a  presumption  that  feldspar  in  nearly  all  the  crystalline  rocks, 
stratified  and  unstratified,  is  a  product  of  metamorphism. 

Further  on,  he  wrote: 

Metamorphism  furnishes  the  most  plausible  theory  of  the  origin  of  the  Azoic 
stratified  rocks,  which  are  mica,  talc,  and  hornblende  schist«,  gneiss,  serpentine, 
white  limestone,  etc.,  such  as  cover  a  large  part  of. Vermont. 

He  recognized  at  this  time  the  influence  of  water  as  an  essential 
constituent  of  the  tmppean  rocks,  since  the  intrusion  of  the  material, 
often  in  thin  sheets  scarcely  thicker  than  writing  paper,  could  not  be 
explained  on  the  theorj'  of  fusion  from  dry  heat  alone.  ^'By  means 
of  water  the  materials  could  be  introduced  wherever  that  substance 
could  penetrate." 

His  ideas  concerning  the  origin  of  the  drift  had  been  considerabl}^ 
modified  since  his  earlier  reports,  though  he  was  not  as  yet  willing  to 
accept  the  theory  of  a  continental  ice  sheet.     Thus:         ^^ 
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We  have  no  doubt  that  a  part  of  what  we  call  drift  phenomena  in  New  England 
was  produced  by  glaciers  such  as  we  have  described  as  once  connected  with  the 
Green  Mountain  range.  But  the  main  features  of  drift  we  impute  to  icebergs  and 
ice  floes  as  the  continent  was  gradually  sinking  beneath  the  ocean. 

He  thought,  too,  to  have  found  evidence  that  the  continent  went 
down  to  a  depth  of  something  like  2,000  feet,  and  as  some  of  the  ice- 
bergs in  the  Atlantic  have  been  estimated  as  extending  2,500  feet 
below  the  surface,  he  argued  that  the  effects  of  such  could  not  be  dis- 
tinguished from  those  of  glaciers.  Indeed,  the  idea  of  a  continental 
ice  sheet  was  still  beyond  his  comprehension,  and  his  chief  arguments 
against  the  glacial  origin  of  much  of  the  drift  was  based  upon  the  fact 
that  all  known  glaciers  are  confined  to  valleys;  and,  moreover,  that 
there  was  no  known  glacier  more  than  50  or  60  miles  wide,  "whereas 
the  ancient  American  glacier  must  have  been  at  least  2,500  miles  wide 
and  have  spread  over  all  the  mountains  as  well  as  valleys,  and  often 
have  been  obliged  to  move  uphill  as  well  as  over  a  level  surface." 
The  three  prominent  directions  of  the  drift  were  to  him  also  arguments 
a^inst  the  ice  sheet.  These  were  essentially  the  ideas  advanced  in 
his  Surface  Geology  (p.  462). 

On  lithological  grounds  the  alluvial  deposits  were  classified  as  (1) 
drift  and  (2)  modified  drift,  and  on  chronological  grounds  into  four 
periods,  in  each  of  which  the  continent  was  differently  situated  in 
respect  to  the  level  of  the  ocean.  These  were,  first,  the  drift  period, 
when  the  continent  was  under  water  at  its  greatest  depth;  second,  the 
beach  period,  when  it  began  to  emerge;  third,  the  terrace  period, 
when  the  continent  rose  to  nearly  its  present  situation;  and,  fourth, 
the  historic  or  present  period.  The  phenomena  of  the  modified  drift 
as  terraces  and  beaches  were  worked  out  in  detail  in  this  report  by 
C.  H.  Hitchcock. 

In  the  chapter  on  hypozoic  and  paleozoic  rocks  Hitchcock  expressed 
the  belief  that  the  rocks  of  Vermont  have  been  thrown  into  a  succes- 
sion of  folds  while  in  a  semiplastic  condition  by  a  force  from  the 
direction  of  the  Atlantic,  and  that  their  crests  have  been  subsequently 
denuded,  some  10,000  vertical  feet  having,  it  was  estimated,  disap- 
peared from  the  surface  of  the  Shelburne  anticline.  The  strata  of 
those  folds  with  westerly  dips,  on  the  western  side  of  the  anticlines, 
he  regarded  as  occupying  a  normal  position;  while  those  with  easterly 
dips,  on  the  eastern  side,  had  been  inverted,  so  that,  as  he  expressed 
it,  "though  we  cross  an  uninterrupted  succession  of  easterly  dips  in 
going  eastward  we  can  not  infer  that  we  are  constantly  meeting  with 
older  and  older  rocks,  and  therefore  that  mere  superposition  would 
not  justify  one  in  deciding  upon  their  relative  ages/' 

Concerning  the  position  of  the  much-disputed  red-sand  rock,  Hitch- 
cock remarked  that  without  an  exception  it  rested  upon  the  Hudson 
River  group,  and  the  stratigraphical  evidence  showed  it  to  be  of  the 
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age  of  the  Medina  sandstone  or  Oneida  conglomerate.  In  this  he  was 
in  error,  the  red-sand  rock  being  now  universally  conceded  as  belong- 
ing to  the  Lower  Cambrian.  He  also  regarded  the  black  slate  beneath 
the  red-sand  rock  as  belonging  to  the  Hudson  River  group,  although 
Emmons  had  regarded  it  as  Taconic  and  thought  to  recognize  a  Pots- 
dam sandstone  in  the  vicinity  of  Whitehall,  in  this  respect  antagoniz- 
ing the  views  of  Adams,  as  announced  in  his  second  report. 

The  name  -^olian  limestone  was  given  to  the  marble  beds  of  Dorset 
Mountain,  which  had  been  renamed  Mount  ^SColius.  Its  exact  geolog- 
ical position  was  not  determined,  although  it  was  thought  that  it  might 
be  as  new  as  the  Carboniferous. 

Hitchcock  was  inclined  to  side  with  Emmons  in  the  Taconic  contro- 
versy, on  the  ground  that  the  rocks  were  physically  unlike  the  Lower 
Silurian  which  they  underlay  and  differed  in  the  character  of  their 
organic  remains.  The  thickness  of  these  Taconic  rocks  he  estimated 
to  be  not  less  than  25j000  feet. 

The  clay  slate  directly  overlying  the  calciferous  mica  schist  was 
thought  to  be  probably  of  Devonian  age.  The  calciferous  mica  schist 
itself  was  regarded  as  having  been  originally  a  limestone  formation 
charged  with  a  good  deal  of  silex  and  with  perhaps  silicates  and 
organic  matter,  a  great  deal  of  the  carbonate  of  lime  having  been 
abstracted  by  carbonated  water  and  the  rock  converted  by  metamor- 
phism  into  a  schist. 

The  numerous  beds  of  seipentine  which  were  found  in  the  State 
limits  were  regarded  as  having  been  derived  mainly  from  beds  of  horn- 
blende schist  and  diorite.  Much  of  the  granite  of  the  State  was  con- 
sidered as  being  as  recent,  at  least,  as  the  Devonian  period. 

It  seems  almost  extraordinary  that,  even  at  this  date,  there  were 
believed  by  Hitchcock,  as  well  as  by  others,  to  be  many  well-authen- 
ticated instances  on  record  in  which  toads,  snakes,  and  lizards  had  been 
found  alive  in  the  solid  parts  of  living  trees  and  in  solid  rocks,  as  well 
as  in  gravel  deep  beneath  the  surface.  In  these  cases  it  was  assumed 
that  the  animals  ''  undoubtedly  crept  into  such  places  while  young, 
and,  after  having  grown,  could  not  get  out.  Being  very  tenacious  of 
life  and  probably  obtaining  some  nourishment  occasionally  by  seizing 
upon  insects  that  might  crawl  into  their  nidus,  they  might  sometimes 
continue  alive  even  after  many  years." 

Under  date  of  March,  1857,  an  act  of  the  Wisconsin  legislature 
provided  for  a  geological  and  agricultural  survey  of  the  State,  which 
was  to  be  under  the  joint  control  of  James  Hall,  Ezra  S.  Carr,  and 
Qeoiofficai  Surveys  Edward  Daniels.  This  joint  leadership  seemed,  how- 
Hajr*SMT**aiid  "^  cvcr,  to  havc  provcn  unsatisfactory,  and  by  a  second 
Daniels,  1857.  j^ct,  approvcd  April  2,  1860,  James  Hall  was  appointed 

principal  to  the  commission.  This  last  organization  proved  also  to  l>e 
short-lived,  the  survey  being  discontinued   in   1862,  the  legislature 
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even  going  so  far  as  to  refuse  to  refund  to  Hall  the  money  actually 
expended  by  him  for  the  purpose  of  Ihe  survey  or  to  pay  for  his  own 
services.  Under  Hall's  brief  administration  Whitney,  who  had  served 
in  a  like  capacity  in  Iowa,  was  employed  to  complete  the  work  on  the 
lead  region  and  Charles  Whittlesey  to  study  the  regions  lying  on 
the  west  side  of  the  Menomonee  River  and  the  iron  region  of  Lake 
Superior. 

A  single  royal  octavo  volume  of  455  pages  and  9  plates,  a  colored 
geological  map  of  the  lead  region,  and  a  diagram  showing  the  position 
of  the  ore  crevices,  appeared  in  1862  as  a  result  of  this  organization. 

In  this  Hall  repeated  his  attempts  at  correlation  of  the  western  with 
the  eastern  formations.  In  addition  he  called  attention  to  the  driftless 
area  of  the  State,  and  to  the  fact  that,  over  the  whole  area  south  of  the 
Wisconsin  River,  the  Galena  limestone  and  a  portion  of  the  underlying 
Blue  limestone  had  been  removed  by  decomposition  and  solution  to  a 
depth  of  some  350  to  400  vertical  feet. 

Whitney,  in  his  report  on  the  lead-bearing  region  showed,  as  in  his 
previous  work  (p.  468),  that  the  lead-bearing  fissures  of  the  Northwest 
were  limited  to  one  set  of  strata,  and  that  there  are  but  rarely  any 
evidences  of  dislocation  of  the  strata  or  faults.  Hence,  he  was  forced 
to  the  conclusion  that  the  ore-bearing  crevices  originated  through  the 
action  of  some  local  cause  or  forces  which  were  limited  in  their  field 
of  action  to  a  comparatively  narrow  vertical  range.  In  short,  he  con- 
ceived the  lead-bearing  fissures  to  have  been  originally  closely  allied 
to  what  are  called  joints.  How  far  shrinkage  and  crystalline  action 
may  have  been  concerned  in  the  production  of  these  joints,  he  was 
unable  to  say,  but  "It  will  be  sufficient  at  this  time  to  recognize  the 
fact  that  either  or  both  these  causes  united  would  have  produced  a 
tension  in  the  mass  of  rock  which  would  lead  to  the  production  of  fis- 
sures in  two  different  directions."  He  felt,  further,  that  the  direction 
of  the  fissures  might  have  been  influenced,  if  not  absolutel}'^  deter- 
mined, by  an  elevatory  movement  of  the  region  in  which  they  are 
developed. 

He  looked  upon  these  veins  as  having  been  filled  from  above,  the 
various  metals  having  been  in  solution  as  sulphates  in  oceanic  water 
at  the  time  of  the  deposition  of  the  lead-bearing  strata,  the  precipita- 
tion as  sulphides  being  brought  about  through  the  agency  of  sulphu- 
reted-hydrogen  gas,  which  was  liberated  by  the  decomposing  organic 
matter.  This  is  substantially  the  view  held  by  most  authorities  to-day. 
He  thought,  further,  to  recognize  a  general  law  connecting  the  lack  of 
mineral  deposits  in  the  nonfossiliferous  strata  with  their  abundance  in 
those  containing  organic  remains.  As  in  his  previous  work  (Metallic 
Wealth  of  United  States,  p.  438),  he  differed  with  both  Daniels  and 
Owen  as  to  the  metalliferous  character  of  the  lower  magnesian  rocks, 

Digitized  by  VjOOQ IC 


474  REPORT   OF    NATIONAL   MITSEUM,  1904. 

thinking  it  quite  improbable  that  they  would  be  found  sufficiently  rich 
in  ores  to  be  worked  economically. 

Whatever  ma}'  have  been  Richard  Owen's  powers  as  a  thinker  or 
teacher,  his   key  to   the  Geology  of   the  Globe,  published  in  1857 
when  professor  of  geology  and  chemistry  in  the  University  of  Ten- 
nessee, is   beyond   question    the  most  extraordinary 

Richard  Owen's  ^  '  ij  ii  .ujijjj 

QeoioffyoftheOiobe,  travcst}'  on  gcoiogy  and  geological  methods  of  deduc- 
tion that  ha^ever  emanated  from  the  American  press. 
The  fundamental  idea  seems  to  have  been  that  there  are  analogies 
between  organic  and  world  development. 

Our  planet,  perhaps,  typifies  an  ovule  from  the  solar  matrix.  In  its  earlier  igne- 
ous chaotic  state  it  bore  analogy  to  the  yet  undeveloped  amorphous  structure  of 
vegetable  ovules  and  the  animal  ovum.  Like  them,  it  ha<l  at  an  early  period  a 
nucleus,  on  which  after  a  time  air  and  moisture  deposited  additional  materials, 
derived  from  the  matrix.  At  a  later  period  yet  a  part  of  these  same  materials  were 
carried  in  mechanical  mixture,  partly  in  chemical  solution,  to  pmmote  the  develop- 
ment of  later  formations,  forming  new  continents,  etc.,  just  as  a  portion  of  the  seed 
(the  albumen)  and  the  fooilyolk  of  the  egg  go  to  nourish  the  eximnding  germ. 

The. separation  of  continents  typifies  the  propagation  of  offshoots,  or  artificially  by 
cuttings  in  plants,  and  seems  to  resemble  the  fissiparous  mo<le  of  reproduction  observed 
among  the  lowest  animals.  In  some  of  the  earlier  cataclysms  we  have  the  type  of 
the  ruptured  Graafian  vesicles,  while  at  a  final  convulsive  deluge,  the  period  when 
the  Western  Continent  and  Australia  were  detached,  and  when  possibly  the  moon 
as  a  terrestrial  ovule  was  thrown  into  space,  we  readily  recognize  the  type  of  rup- 
tured pericarpal  dissemination  of  seed  in  the  vegetable  world,  of  c(»mpleted  incuba- 
tion and  parturition  in  the  animal  kingdom.     *    *    * 

It  is  by  no  means  contended  that  this  earth  is  a  monstrous  organism,  with  all  the 
parts  and  properties  of  a  plant  or  animal;  but  simply  that  in  it  we  have  everything 
developed  according  to  the  same  laws  and  plan  pervading  the  rest  of  creation;  that 
in  it  we  see  fore8hadowe<l  the  type  of  those  future  forms  and  changes  which  organic 
bcKlies  undergo  by,  the  assimilation  of  these  very  inorganic  materials. 

The  idea  underlying  all  these  genemlizations,  which  the  author 
claimed  to  have  gained  while  studying  sundry  maps  spread  out  on  the 
floor  of  a  vacant  room,  in  order  to  place  before  his  classes  ''some  great 
principles  of  generalization,"  is  that  the  '^formations  of  the  westeni 
continent  corresponded  in  many  respects  to  those  in  the  eastern" 
*  *  *  and  ''that  they  must  have  been  detached  at  some  period 
from  each  other." 

He  conceived  that  "  the  earth  in  some  of  its  former  geological  epochs 
occupied  a  smaller  volume  than  before  the  whole  of  the  present  super- 
ficies emerged  from  the  ocean  and  than  it  did  before  some  of  the  later 
successive  layers  were  deposited  on  the  earlier  formations."  Further, 
that  the  original  internal  nucleus  of  the  earth  was  of  the  form  of  a  cube 
or  spherical  tetrahedron,  and  that  the  rocks  of  the  different  successive 
geological  periods  will  be  found  less  and  less  dense  in  structure  as 
they  leave  the  north  pole  and  approach  the  eciuator.  When  these 
beds  were  upheaved,  "the  edges  of  the  formations  appear  to  have  been 
brought  to  the  surface  along  concentric  lines,  which  are  parts  of  great 


AMERICAN    GEOLOGY DECADE    OF   1850-1859. 


475 


arches  intersecting  each  other  in  such  a  manner  as  to  form  equilateral 
spherical  triangles  on  the  earth's  surface,  each  angle  or  intersection 
being  equidistant  from  our  present  north  pole."  The  distribution  of 
coal,  the  metals,  and  other  mineral  products  he  conceived  to  correspond 
with  the  lines  marking  these  spherical  triangles. 

The  forces  which  acted  in  separating  the  planas  above  descril)ed  were 
supposed  to  have  originated  from  the  internal  fluid,  materials  being 
thrown  into  periodical  waves  by  the  attmction  of  the  sun  and  moon, 
creating  thereby  electrical  disturbances,  etc.  Indeed,  the  entire  earth 
he  seemed  to  regard  as  a  gigantic  magnet,  made  so  by  the  heat  of 
the  sun. 

Before  this  separation  took  place  the  layers  composing  the  South 
American  continent  he  supposed  to  have  rested  on  the  lasers  of  sub- 
merged Africa,  Australia  to  have  been  superimposed  upon  Aral)ia,  and 
North  Americ*a  over  a  portion  of  Europe. 

Owen  further  allied  attention  to  the  fact  that,  if  tlie  north  pole 
were  elevated  28^  above  the  horizon  and 
the  globe  then  revolved  the  western  coast 
lines  of  the  chief  continental  masses  would 
be  brought  successively  to  the  horizon,  prov- 
ing their  parallelism;  if  depressed  to  a  simi- 
lar extent  the  parallelism  of  the  eastern 
coasts  would  be  similarly  proven.  In  other 
words,  he  showed  that  the  coast  lines  of  the 
continents,  as  well  as  of  man}'  of  the  islands, 
tended  to  conform  to  the  axis  of  the  ecliptic, 
and  he  regarded  this  angular  distance  of 
28^"-^,  which  marks  the  northward  extension 
of  the  sun  in  sunmier,  as  a  natural  unit  of 
measure  in  the  structure  of  the  earth. 

The  book  contiiined  a  large  amount  of 
utterly  irrelevant  matter,  and  th^  al)ove  idea  and  that  relating  to  the 
possible  tetrahedral  form  of  the  earth,  previoush'  referred  to,  are  the 
only  ones  put  forward  in  the  work  that  are  to-day  worthy  of  consider- 
ation. The  l)ook,  as  a  whole,  can  but  impress  one  as  the  work  of  a 
dreamer,  and  particularly  so  when  one  considers  also  the  amount  of 
irrelevant  matter  brought  forward  and  the  involved  character  of  many 
of  tile  sentences.  Be  this  as  it  ma}',  b}-  a  peculiar  coincidence,  at  the 
Mont^al  meeting  of  the  American  Association  for  the  Advancement 
of  Science  in  August  of  this  same  year,  Prof.  Benjamin  Pierce,  of  the 
U.  S.  C^st  Survey,  brought  forward  ideas  almost  identical  with  Owen's, 
so  far  as  relates  to  the  parallelism  of  the  coasts,, and  felt  disposed  to 
regard  such  conditions  as  evidence  that  the  sun,  by  influencing  in 
some  way  the  cooling  of  the  crust,  had  determined  the  grander  outlines. 


Fio.  fi6.— Richard  Owen. 
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Owen's  ideas  regarding  the  tetrahedral  form  of  the  earth,  though 
perhaps  original  with  him,  and  put  forward  here  for  the  first  time  by 
an  American  writer,  were  not  wholly  new.  Those  desiring  a  historical 
review  of  the  subject,  with  an  account  of  recent  advances  and  theories, 
will  find  the  same  in  a  paper  by  J.  W.  Gregory,  The  Plan  of  the  Earth 
and  its  Causes,  first  printed  in  the  Geographical  Journal  for  March, 
1899,  and  reprinted  in  the  Appendix  for  the  Report  of  the  Smithsonian 
Institution  for  1898. « 

At  the  Montreal  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  for  this  same  year,  Logan,  referring  to  pre- 
vious statements  by  himself  relative  to  a  possible  subdivision  of  Azoic 
rocks,  as  given  in  his  annual  reports,  describes  in  some 
Subdivision  of  the  detail  a  scrics  or  group  of  clastia  rocks,  consisting  of 
siliceous  slate  and  slate  conglomerates,  holding  peb- 
bles of  crystalline  rocks  and  sometimes  showing  ripple  marks,  which 
he  had  traced  along  the  north  shore  of  Lake  Huron  from  Sault  Ste. 
Marie  for  120  miles,  and  which  has  also  been  noted  in  other  parts  of 
the  Dominion  by  other  observers. 

As  noted  by  him  on  Lake  Huron,  the  formation  was  some  10,000 
feet  in  thickness  and  plainly  of  later  age  than  the  gneisses,  as  well  as 
of  distinct  lithological  chamcter.  For  this  formation  he  then  formally 
proposed  the  name  Huronian,  although  the  term  had  been  previously 
used  in  connection  with  this  formation  by  Murray  in  1848  and  Hunt 
in  1855.  To  the  portion  of  the  Azoic  immediately  underlying  the 
Huronian  he  gave  the  name  Laurentian,  after  the  Laurentide 
Mountains. 

At  this  same  meeting  he  further  suggested  a  possible  subdivision  of 
the  Laurentian  series,  in  which  the  calcareous  rocks  should  be  con- 
sidered as  distinct  from  the  siliceous.  This  announcement  and  the 
subsequent  discussion  led  to  a  mass  of  literature  which  is  perhaps 
second  only  to  that  involved  in  the  Taconic  controversy,  although, 
fortunately,  without  any  of  its  bitterness.  Indeed,  the  entire  matter 
is  strongly  suggestive  of  Emmons's  Taconic,  even  if  the  rocks  described 
could  not  be  accui'ately  relegated  thereto. 

Tbe  principal  participants  in  this  discussion,  which  is  even  now 
scarcely  at  an  end,  were,  aside  from  Logan,  R.  D.  Irving  and  Alexander 
Winchell,  though  many  others  took  part.  Later  it  was  apparently 
shown  that  under  the  name  Huronian  two  distinct  formations  were 
comprised,  to  the  older  of  which  A.  C.  Lawson  in.  1886  gave  the  name 
Keewatin.* 

«  Owen's  work  was  briefly  noticed  in  the  American  Journal  of  Sciences.  Two  or 
three  pages  of  his  matter  were  quoted,  and  dismissed  with  *'  Remarks  on  these  pas- 
sages are  unnecessary." 

&  For  a  history  of  the  discussion,  see  A  Last  Word  with  the  Laurentian,  by  Alex- 
ander Winchell,  Bulletin  of  the  Geological  Society  of  America,  II,  1891,  pp.  85-124. 
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During  1857-58  Prof.  J.  S.  Newberry,  as  geologist,  accompanied  the 

corps  of  topographical  engineers,  under  the  immediate  direction  of 

Lieut.  J.  C.  Ives,  on  an  expedition  up  the  Colorado  River  from  its 

mouth  to  a  point  called  Fortification  Rock,  north  of 

The  IvM  Bxpeditton      .        ,  .    ^         .  ^,  .,    ,        _,  ,  .  .' 

OD  the  Colorado  the  thirty-sixth  parallel.  The  main  object  of  the  expe- 
dition was  to  ascertain  the  navigability  of  the  Colo- 
rado, with  especial  reference  to  its  availability  for  the  transportation 
of  supplies  to  the  various  military  posts  in  New  Mexico  and  Utah. 
Newberry  entered  the  country  from  San  Francisco  and  San  Diego, 
and  in  Chapters  I  and  II  of  his  report  makes  reference  to  the  general 
geology  of  this  part  of  the  region.  The  party,  as  above  note(^ 
ascended  the  river  as  far  as  the  Great  Bend,  above  Black  Canyon,  and 
returned  thence  to  the  Mojave  Valley,  south  of  Pyramid  Canyon. 
Thence  the  homeward  route  lay  eastward  overland  to  Fort  Leaven, 
worth  by  way  of  Sitgreaves  and  Railroad  passes  in  the  Black  and 
Cerbat  mountains.  Bill  Williams  and  the  San  Francisco  mountains, 
Salt  Springs  of  the  Little  Colorado,  northward  to  the  Moqui  Pueblos, 
and  eastward  to  Fort  Defiance,  Santa  Fe,  and  Las  Vegas  (see  map). 
In  the  latter  part  of  the  trip  the  route  lay  along  that  traversed  by 
the  surveys  for  a  railroad  route  to  the  Pacific  under  Lieut.  Whipple, 
with  which  Jules  Marcou  was  connected  as  geologist.  Newberry's 
report,  Part  III  of  the  report  of  Lieutenant  Ives,  comprised  154 
octavo  pages,  with  3  plates  of  fossil  invertebrates  and  plants. 
Made  necessarily  as  a  hasty  reconnaissance,  it  nevertheless  contains 
interesting  generalities.  He  rightly  regarded  the  canyon  of  the  Colo- 
rado as  a  canyon  of  erosion,  but  conceived  that  in  earlier  times  the 
river  filled  to  the  brim  a  series  of  isolated  basins  formed  by  the  vari- 
ous mountain  chains  and  interlocking  spurs  of  the  synclinal  trough 
through  which  the  river  runs,  and  that  during  the  lapse  of  ages  ''the 
accumulated  waters,  pouring  over  the  lowest  points  in  the  opposing 
baiTiers,  have  cut  them  down  from  summit  to  base,"  thus  forming 
the  canyons.  The  massive  granite  walls  of  Pyramid  Canyon,  with 
their  capping  of  stratified  gravel,  he  regarded  as  conclusive  proof  of 
the  former  existence  here  of  an  unbroken  barrier  "stretching  across 
the  course  of  the  Colorado  and  raising  its  waters  to  an  elevation  of  at 
least  250  feet  above  their  present  level."  The  idea  of  a  possible  uplift 
across  the  river's  course,  an  uplift  so  slow  as  to  be  counteracted  by 
erosion,  as  afterward  taught  b}^  Dutton,  was  undreamed  of,  and  the 
mental  restorations  of  past  surface  contours  given  are  at  times  start- 
ling for  their  magnitude.  Thus,  in  accounting  for  the  presence  of  the 
large  bowlders  in  the  gravel  of  Elephant  Head  south  of  the  entrance 
to  Black  Canyon,  with  its  walls  of  porphyry  from  800  to  1,200  feet  in 
height,  he  wrote: 

When  the  Colorado  began  the  task  of  cutting  down  the  gigantic  wall  at  the 
point  where  ite  accumulated  waters,  in  greater  volume  than  now,  poured  dowiu  ite 
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Houthwestern  declivity,  the  cascade  which  it  formed  must  have  surpassed  any  simi- 
lar exhibition  of  nature's  forces  of  which  we  have  knowledge  at  the  present  day. 

On  page  42  of  his  report  Newberry  gave  a  section  of  the  Grand 
Canyon,  showing  the  bottom  granite  overlain  by  Potsdam  sandstone, 
and  this  by  Silurian  (?),  Devonian  (?),  and  Lower  Carboniferous  (0 
rocks,  and,  finall}^  Upper  Carboniferous  limestone.  This  was  the  first 
section  of  these  beds  ever  published." 

The  source  of  the  materials  which  go  to  make  up  the  sedimentary 
rocks  of  the  West,  he  thought,  could  not  have  been  derived  from  the 
emerged  surfaces  east  of  the  Mississippi,  but  were  ratheir  "formed  by 
the  incessant  action  of  the  Pacific  waves  on  shores  that  perhaps  for 
hundreds  of  miles  succumbed  to  their  power,  and  by  broad  and  rapid 
rivers  which  flowed  from  the  mountains  and  through  the  fertile  valley 
of  a  primeval  Atlantis."  The  outlines  of  the  western  part  of  the 
North  American  continent,  to  his  mind,  were  approximately  marked 
out  by  groups  of  islands,  broad  continental  surfaces  of  dry  land,  and 
areas  of  shallow  water  from  the  earliest  Paleozoic  times. 

As  already  noted,  a  portion  of  Newberry's  return  route  lay  along 
that  previously  (in  1853-1854)  traversed  by  Marcou,  and  it  is  interesting 
to  note  the  different  views  of  the  two,  offered  by  this  opportunity  for 
comparison.  Thus  Newberry  questions  Marcous  determination  of 
the  age  of  the  formations  near  Partridge  and  Cedar  creeks,  near  Bill 
Williams  Mountain,  Marcou  regarding  them  as  Devonian  and  Lower 
Carboniferous  (Mountain  limestone),  while  Newberry  thought  them  to 
be  not  older  than  Carboniferous.  In  like  manner  Newberry  ques- 
tioned the  Permian  age  of  the  Canyon  Diablo  beds,  rightly  regarding 
the  same  as  Carboniferous,  and  the  red  sandstone  overl}  ing  this  lime- 
stone as  likely  to  prove  Permian  or  Triassic.  The  yellow  sandstone 
along  the  Rio  Grande  was  considered  as  not  Jurassic,  but  Cretaceous. 

In  1859  Newberry  again  took  the  field,  this  time  in  connection  with 
a  topographic  party  under  Capt.  J.  N.  Macomb.  The  party  left  Santa 
Fe,  New  Mexico,  about  the  middle  of  July  and,  crossing  the  Rio 
Grande  del  Norte,  followed  up  the  valley  of  the  River 
with  the  Macomb  Chama,  finally  leaving  it  at  the  dividing  ridge  between 
the  waters  of  the  Gulf  of  Mexico  and  those  of  the 
Gulf  of  California.  From  here  they  struck  across  the  headwaters  of 
the  San  Juan  River,  passing  along  the  southern  base  of  the  Sierra  de 
la  Plata,  and  then  northerly  to  the  junction  of  the  Grand  and  Green 
rivers.  Thence  the  party  proceeded  southward  to  the  San  Juan  River, 
which  they  followed  up  as  far  as  Canyon  Largo,  passing  thence  down 
the  valley  of  the  Puerco  to  the  old  pueblo  of  Jemez,  and  thence  east- 
erly back  to  Santa  Fe.     The  route,  it  will  be  perceived,  thus  covered 


«This  report  contains  several  graphic  views  of  the  Colorado  Canyon  from  sketches 

])y  F.  W.  F^gloffstein,  ])ut  which  have  been  largely  overlooked  since  the  more  recent 

work  of  Powell,  Dutton,  and  Holmes.  r^^^^T^ 
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part  of  the  territoiy  previously  gone  over  in  connection  with  the  Ive^ 
expedition. 

The  report,  though  written  in  1860,  was  not  published  until  1876, 
owing  to  the  outbreak  of  the  civil  war.  It  comprised  an  octavo  vol- 
ume of  148  pages,  with  8  full -page  plates  of  fossil  plants  and  inverte- 
brates, and  a  map  of  the  route  traversed.  Some  of  the  conclusions 
arrived  at  during  the  work  of  the  Ives  expedition  were  confirmed  by 
the  more  recent  work.  Perhaps  the  most  interesting  of  the  results  as 
given  related  to  the  orographic  movements  attendant  upon  the  eleva- 
tion of  the  Rocky  Mountains. 

His  conclusions  were  to  the  effect  that — 

First.  The  Bocky  Mountains  existed  in  embryo,  at  least,  previous 
to  the  deposition  of  the  older  Paleozoic  rocks,  the  presence  of  the 
upheaved  Potsdam  sandstone  in  the  Black  Hills  region  showing  con 
clusively  that  this  part  of  the  country  was  buried  beneath  the  waters 
of  the  primeval  ««5ean. 

Second.  VoWnic  activity,  which  began  as  early  as  the  Middle  Ter- 
tiary, continued  even  into  the  present  epoch. 

Third.  Previous  to  the  deposition  of  the  Lower  Cretaceous  strata 
the  central  portion  of  the  continent  was  above  the  ocean  level,  the 
main  portion  of  the  Cretaceous  sediments  being  deposited  during  the 
period  in  which  a  subsidence  of  several  thousand  feet  took  place. 

Fourth.  At  the  close  of  the  Cretaceous  age  a  period  of  elevation 
began,  which  continued  to  the  drift  epoch.  This  was  succeeded  by  a 
period  of  depression  and  again  by  one  of  elevation. 

Fifth.  The  great  elevatorj^  movement  of  the  Rocky  Mountains  took 
place  between  the  close  of  the  Cretaceous  period  and  that  of  the 
Miocene  Tertiary. 

Newberry  was  born  in  Connecticut,  but  his  parents  moving  to  Ohio 
when  he  was  but  two  years  of  age,  he  passed  his  boyhood  in  what  was 
then  the  western  frontier.  His  father,  in  1828,  then  living  at  Cuya- 
hoga Falls,  opened  up  the  coal  mines  at  Tallmadge, 
Sketch  of  Newberry,  making  the  first  systematic  attempt  at  introducing  coal 
for  fuel  along  the  lake  shore  region.  The  abundant 
and  beautiful  fossil  flora  found  in  the  roof  shales  of  these  mines 
undoubtedly  did  much  toward  turning  the  young  man's  thoughts 
toward  science,  and  a  visit  from  James  Hall  in  1841,  while  he  was  but 
nineteen  years  of  age,  still  further  stimulated  his  interest.  He  grad- 
uated at  the  Western  Reserve  College  in  1846,  and  afterwards  studied 
medicine,  receiving  the  degree  of  M.  D.  in  1848.  Two  years  were 
then  passed  in  study  abroad,  during  which  time  he  made  his  first 
scientific  publication — a  description  of  a  fossil-fish  locality  at  Monte 
Bolca,  Italy.  In  1851  he  returned  to  America  and  began  the  pursuit 
of  medicine  at  Cleveland,  but  although  acquiring  a  large  practice  he 
was  soon  induced  to  give  it  up  and  enter  upon  a  wider  field  of  useful- 
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ixGHa.  In  1855  he  became  connected  with  Lieut.  K.  S.  Williston's  sur- 
vey in  California,  and  later  with  that  of  the  Ives  Expedition  to  explore 
the  Colorado,  as  well  a«  with  that  of  Capt.  J.  N.  Macomb  to  explore 
the  San  Juan  region  of  Colomdo  and  adjacent  portions  of  'Arizona, 
Utah,  and  New  Mexico,  as  noted.  In  1857  he  became  attached  to  the 
Smithsonian  Institution  in  Washington  and  also  acc^epted  a  professor- 
ship in  Columbian  University  in  the  same  city. 

During  the  civil  war  he  was  attached  to  the  Sanitary  Commission, 
and  in  1866  became  professor  of  geology  and  paleontology'  in  the 
School  of  Mines  of  Columbia  College,  New  York,  with  which  institu- 
tion he  remained  connected  until  the  time  of  his  death  in  1892.  In 
1869  he  assumed  charge  of  the  geological  surve}^  of  Ohio,  as  noted 
elsewhere.  That  the  survey,  in  common  with  most  others  of  its  kind, 
came  to  an  untimely  end  was  no  serious  reflection  upon  Doctor  New- 
berry, though,  as  his  biographer  remarks,  a  mistake  was  undoubtedly 
made  in  postponing  the  economic  portions  of  the  work  until  the  last, 
and  thereby  arousing  the  antagonism  of  the  rural  members,  one  of 
whom  is  quoted  as  having  remarked  that  too  much  money  was  devoted 
to  '*  clams  and  salamanders.''  Newberry  also  did  a  large  amount  of 
paleontological  work  in  connection  with  the  surveys  of  Illinois,  New 
Jerse\',  and  the  United  States  surveys  under  Havden  and  Powell.  His 
most  important  works  were  those  in  connection  with  the  Illinois  and 
Ohio  surveys,  and  two  monographs  published  by  the  United  States 
Survey,  one  on  the  Paleozoic  Fishes  of  North  America,  and  the  other 
on  the  Flom  of  the  Amboy  (^lays  of  New  Jersey,  the  latter  being 
edited  by  Dr.  Arthur  Hollick  after  Newberry's  death. 

Newberry  is  described  as  a  man  whose  personality  inspired  confi- 
dence in  others,  though  possessing  little  of  what  is  known  as  executive 
ability — a  man  of  kindly,  cheerful  disposition,  and  whose  desire  for 
fame  never  went  so  far  as  to  cause  him  to  assume  credit  for  others 
work.  A  pleasing  writer  and  conversationalist  and  accomplished  mu- 
sician, he  made  many  friends  and  retained  to  the  end  the  respect  and 
love  of  all  who  knew  him. 

His  shortcomings  were  known  to  his  friends  as  well  as  were  his  excellencies;  he 
was  impetuous  and  Hometimes  he  was  severe,  possibly  unjust,  in  judging  men  or  in 
dealing  with  them.  But  of  bitterness  he  knew  little;  of  forgiveness  he  knew  much. 
His  defects  were  those  of  a  strong  man;  in  many  they  would  have  been  sources  ol 
weakness,  but  somehow  they  seemed  to  make  his  friends  stand  more  firmly  by  him. 

Newberry's  work  received  prompt  and  ready  recognition  both  at 
home  and  abroad.  He  was  a  charter  member  of  the  National  Academy 
of  Sciences;  foreign  correspondent  of  the  London  Geological  Society, 
receiving  the  Murchison  medal  in  1888;  president  of  the  American 
Association  for  the  Advancement  of  Science  in  1867;  president  of  the 
New  York  Academy  of  Science  for  twenty -five  years;  vice-president 
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of  the  (xeologieal  Society  of  America,  and  president  of  the  Interna- 
tional Congress  of  Geologists  in  1891,  although  then  too  ill  to  attend 
its  meetings. 

Aprir20,  1857,  D.  D.  Owen,  while  State  geologist  of  Kentucky,  was 
appointed  by  the  governor  of  Arkansas  geologist  of  that  State,  the 
appointment  to  take  effect  ^*from  and  after  the  first  day  of  October, 
David  Dale  and  1857,"  at  which  tinic  it  was  supposed  the  Kentucky 

wMn  Ari^iMu  work  would  be  brought  to  a  close.  Owen  selected  for 
1857-1860.  \i\^  assistants,  E.  T.  Cox  and  Leo  Lesquereux,  with 

Joseph  Lesley,  for  topographer,  and  Robert  Peter  and  W.  Elderhorst, 
chemists.  Two  large  octavo  volumes,  comprising  together  some  689 
pages,  were  issued  in  1858  and  1860,  the  first  having  been  printed 
apparently  at  Little  Rock  and  the  second  in  Philadelphia.  They  were 
illustrated  with  colored  lithographs  and  engravings  after  originals  in 
Owen's  well-known  style. 

On  paleontological  evidence  the  zinc  and  lead-bearing  rock  of  north- 
western Arkansas,  i.  e.,  the  800  feet  of  Magnesian  limestone  and  silico- 
calcareous  rock  that  underlie  the  marble  strata,  forming  about  250  to 
300  feet  of  the  lower  and  main  body  of  the  ridges  of  Marion  County, 
were  put  down  as  of  Lower  Silurian  age,  and  as  in  all  probability 
belonging  to  that  subdivision  known  as  the  Calciferous  sandrock  of 
the  New  York  system.  The  "marble  limestones''  of  northwestern 
Arkansas  he  was  unable  to  fix  definitely,  but  seemed  to  think  it  prob- 
able they  would  prove  to  represent  the  Onondaga  of  New  York. 

As  to  the  origin  of  the  lead  ores,  he  wrote: 

My  impression  is  that  tlie  lead  ore  once  (K'cupied  these  north  and  south  crevices, 
and  was  subsequently  removed,  in  part  or  in  whole,  into  its  present  bed  by  trans- 
portation, analogous  to  that  known  to  mineralogists  under  the  name  of  the  pseudo- 
morphous  process,  hy  which  one  mineral  is  removed  while  another  takes  it?  place, 
assuming  often  the  form  of  the  first  mineral  instead  of  the  usual  form  belonging  to 
itself.  *  ♦  *  That  it  should  have  been  deposited  like  a  limestone  or  sandstone 
is  altogether  improbable,  and  contrary  to  the  usual  nature  of  such  ponderous  and 
difficultly  soluble  minerals. 

The  cause  of  the  hot  springs  Owen  considered  to  be  the  "internal 
heat  of  the  earth."  Not  that  the  waters  came  actually  in  ''contact 
with  fire,"  but  mther  that  they  were  completely  permeated  with 
''highly  heated  vapors  and  gases  which  emanate  from  sources  deeper 
seated  than  the  water  itself." 

The  snowy  white  novaculite  from  the  vicinity  of  the  hot  springs  he 
believed  to  be  of  the  age  of  the  millstone  grit,  and  "once  a  simple* 
ordinary  sandstone.  From  the  state  of  ordumry  sandrock  it  has 
been  altered  or  metamorphosed  into  this  exquisitely  tine  material,  not 
as  I  conceive,  by  contact  with  fire  or  igneous  rock,  but  by  the  per- 
meation of  heated  alkaline  siliceous  waters."  Through  this  permea- 
tion he  conceived  that  "  the  particles  of  solid  rock  have  been  gradually 
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chanj^ed  from  grains  of  quartzosc  sand  to  impalpable  silica,  and  the 
greater  part  of  the  oxide  of  iron,  manganese,  and  other  impurities 
carried  out  in  solution  from  the  pores  of  the  rock,  leaving  nearly 
chemically  pure  silica  behind."  Such  changes  are  practically  incon- 
ceivable, and  the  best  authorities  to-day  regard  the  novaculites  as 
siliceous  replacement  of  limestone. 

A  large  number  of  soil  analyses  were  made  b}^  Doctor  Peter  *'with 
a  view  to  settle  tjiat  very  important  question'"  whether  sucli  can  be  of 
utility  to  the  agriculturist  in  showing  the  relative  fertility  of  soils 
and  the  loss  sustained  b}^  cultivation.  In  Owen's  opinion  such  utility 
was  established  '*in  the  most  incontrovertible  manner." 

Owen,  it  should  be  noted,  died  in  1860,  and  before  the  publication  of 
the  second  report,  which  was  brought  out  under  the  direction  of  his 
brother  Richard.'' 

Prof.  Lewis  Harper,  whose  work  in  Mississippi  ha.s  been  alread\^ 
referred  to  (p.  441),  was  succeeded  as  State  geologist  by  E.  W.  Hilgard, 
under  whose  efficient  direction  there  was  brought  about  the  first  and, 
thus  far,  only  systematic  survey  of  the  entire  State. 
silf^of^**^'**'**^  ^^^  Report  on  the  Geology  and  Agriculture  of  the 
i857-?8S8f.'  State  of  Mississippi  appeared  in  I860.     It  contained  a 

systematic  and  fairly  detailed  account  of  the  various 
formations  of  the  State,  together  with  a  table  of  the  formations,  as 
shown  on  next  page,  the  classitication  and  terminology  adoptt^d  being 
that  of  Safford  and  Tuomey. 

« According  to  Bfaimer  (Journal  of  Geology,  II,  1894,  p.  826)  the  appropriations 
for  this  survey  were  vigorously  conil>ated  by  some  of  the  legislators,  one  of  whom, 
in  his  attempts  to  defeat  the  bill,  introduced  the  following  amendment: 

8bc.  12.  The  same  amount  which  is  appropriated  to  the  State  geologist  shall 
likewise  In?  appropriated  to  a  phrenologist,  *  *  ♦  and  a  like  amount  to  an  orni- 
thologist and  their  several  assistants,  who  shall  likewise  be  appointed  by  the  gov- 
ernor, and  shall  continue  in  office  fifty-four  years  *  *  *;  and  the  secretary  of 
state  shall  forward  one  copy  of  each  report  to  the  governor  of  each  Stat<?  in  the 
Union  except  such  as  may  be  known  t^>  be  black  republittan  governors;  also,  one 
copy  to  the  Queen  of  England  and  to  the  Emix^rors  of  F'rance  and  Russia;  also,  a 
copy  to  the  Queen  of  Spain:  provided  that  government  will  sell  ("uba  to  the  United 
States  on  reasonable  terms. 

Sec.  14.  It  shall  be  the  duty  of  the  phrenologist  lo  examine  and  report  upon  the 
heads  of  all  the  free  white  male  and  female  citizens  in  the  State,  and  their  children, 
except  such  as  may  refuse  to  have  their  heads  examined. 
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Table  of  thr /or  mot  ions  of  Miwimppi. 

rriiK!i{>al  materials.  Fosxils  found. 


Alluvium Soils,  hhihI  bars,  etc.. 

Set'ond  bottom I  "  HomnuK'ks  *' 

Yellow  loam Brown  an<l  vellow  brick  clavH . 


Bluff  formation 
Oranjfe  sand 


Coast  Pliocene  ? . 


Calcareous  silt ^. 

Sands,  pebbles,  clays 

Black  fetid  clavs 


(rrand  (iulf  >rr<>u|» 


Light-colored 
sandstones. 


Living  plante  and  animals. 

(?) 

(?) 
Terrestrial,  part  extinct. 

Thes<»  o'f  underlying  forma- 
tions. 

Living  marine  animals,  liv- 
ing trees. 

i-lays;      whilt*      Plants,  |>artly  extinct?  lignite. 


\'ick8burg  group Marls  and  limestones , 

Lignitic ^  Black  clays 

Jackson  group Marls  and  soft  limestones 

]/ignitic Black  clays 

I  Marls  and  limestones 

I  Siliceous  sandstones 


Claiborne  grouj).. 


Northern  ligniti*' 


Black  and  gray  clays;  yellow 
sands. 


Ripley  group Marls  and  limestones;  sandy 

Rotten  limestone '  Soft  chalky  likestone,  clayey 

Tombigbee  sand (ireenish  micaceous  sands. . . 

Kutaw  group ,  Dark -colored  clays;  sand 


Limestone ^   Fetid,  crystalline  limestone. . . 

Sandstone '  Silic-eous  sandstone  and  chert. 

Black  slate ,  Hydraulic  limestone 


Marine  animals. 

Plants,  lignite. 

Marine  animals. 

Plants,  lignite. 

Marine  animals. 

Marine  animals. 

Plants,  partly  extinct;  lignite. 


Marine  animals. 

Marine  animals. 

Marine  animals;  plants,  ex- 
tinct; lignite. 

Marine  animals. 

Marine  animals. 

(?) 


The  O^-ango  sand  of  Safford  was  shown 
to  charat^terize  tlie  greater  part  of  the  sur- 
iavc  of  the  State,  and  he  regarded  it  as 
proved  beyond  question  that  its  deposition 
had  taken  place  in  floating  water,  the  gen- 
eral direction  of  the  current  of  which  was 
from  north  to  south.  By  far  the  greater 
portion  of  the  State  was  shown  to  be  occui- 
pied  by  deposits  of  Tertiary  age,  leaving  out 
of  consideration  the  strata  of  Orange  sand 
which  covered  a  large  part  of  the  actual 
surface. 

Hilgard\s  work  had  an  agricultural  bear- 
Ficea-EngeneWaidemarHiiKard.     j^g  ^^^^  ^^  ^^^^^  ^^  readily  inferred  from 

the  work  of  more  recent  years  both  in  the  Mississippi  Valley  and 
California,  had  to  do  largely  with  soils,  their  original  physical  and 
ehemic^l  constitution,  ana  methods  of  rejuvenation.  ^ 
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At  a  meeting  of  the  St.  Loui.s  Academy  of  Seieni'es,  held  on  Feb- 
ruary IH,  1858,  Prof.  (i.  C.  Swallow  presented  a  paper  announcing  the 
tinding  of  Permian  fossils  among  some  collections  submitted  to  him  for 
identification  by  Maj.  F.  Hawn.  This,  as  being  the 
ContrJ^nrsy,  tsSs.  tirst  apjmrentl}'  authentic  announcement  of  the  occur- 
rence of  Permian  rocks  on  the  American  continent, 
excited  a  great  deal  of  interest  and  started  a  somewhat  bitter  personal 
controversy  between  Hawn,  Swallow,  and  Meek,  which  may  be 
referred  to  in  some  detail.^ 

Hawn,  it  appears,  was  a  civil  engineer  engaged  in  the  linear  survey 
of  Kansas,  but  whose  interest  in  matters  geological  led  him  to  make 
extensive  collections  of  fossils.  These,  for  purposes  of  identification, 
he  divided,  sending  the  supposed  Cretaceous  forms  to  F.  B.  Meek, 
then  at  Albany,  New  York,  and  the  Carboniferous  to  G.  C.  Swallow, 
at  Columbia,  Missouri,  the  particular  collection  referred  to  in  this 
controversy^  being  made  at  the  Smoky  Hill  Fork  of  the  Kansas  River. 

The  collections  received  by  Meek  were  of  such  a  character  as  to 
lead  him  to  think  that  the  beds  from  which  they  were  taken  might  be 
Triassic  or  Permian,  though  perhaps  belonging  to  the  Upper  Coal 
Measures.  He  immediately  wrote  Hawn,  asking  that  he  obtain  for 
him  other  materials  and,  if  possible,  get  from  Professor  Swallow  all 
all  of  those  forwarded  to  him  which  were  not  Carboniferous.  To 
this  Hawn  readily  agreed  and  wrote  as  follows: 

Professor  Swallow  certainly  will  not  attempt  to  interfere  with  you  in  this  matter. 
He  knows  perfectly  well  the  relation  existing  between  us  and  expressed  himself 
gratified  that  I  was  furnishing  you  with  important  information  in  furtherance  of  your 
investigation.  Furthermore,  he  has  not  the  data  to  establish  a  relation  between  the 
several  points  under  review  l)y  you.  I  merely  sent  him  the  Carboniferous  fossils  for 
classification  and  comparisinn  with  those  of  the  Missouri  collection,  that  a  parallel 
may  be  establisheil  in  my  further  operations. 

Again,  under  date  of  September  5,  1857,  Hawn  wrote  to  Meek: 

T  wrote  to  Professor  Swallow  *  *  *  and  requested  him  parti(*ularly  to  send  you 
all  the  ff>ssila  that  were  not  Carboniferous,  as  they  were  intended  for  your  use.  I 
hope  he  will  comply  with  my  request,  as  I  shall  not  have  time  to  go  to  see  him. 

And  again,  under  datf*  of  September  9,  of  the  same  year: 

Should  this  formation  turn  out  to  l)e  as  you  anticipate,  new  and  important,  will 
you  (liscuss  the  details  in  an  article  for  my  contemplated  work  on  the  mineral  auii 
agricultural  characteristics  of  K.  T.,  and  <iescril)e  the  fossils  that  are  new? 

Under  date  of  January  4,  1858,  he  wrote  again: 

I  have  a  letter  before  me  from  Professor  Swallow  in  which  he  thinks  the  spei'i- 
mens  sent  him  from  Smoky  Hill  Fork  are  Carboniferous.     Therefore  suppose  he  h»» 


« It  should  be  noted  that  Marcou  claimed  priority  in  the  discovery  of  Permian 
(Dyas)  l)eds  in  America,  the  discovery  having  been  made  while  connected  with  the 
Pacific  Railroad  survey  in  1853.  (See  his  American  Ueologic^al  Classification  and 
Nomenclature,  Cambridge,  1888. )  The  correctness  of  his  paleontological  identifica- 
tion was  questioned  by  Meek,  White,  Hall,  and  Newberry.       y,u/_eu  uy  ^^^-^^^^C 
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not  8eiit  you  any  fowl  Is.  Of  ronrw,  I  slionld  not  Het  up  my  liinite<l  knowltxige  in 
opposition,  l>ut  1  certainly  have  forms  unknown  to  me  and  not  ocxnirrinjj  in  Carl)on- 
iferous  rockH  of  Missouri  which  T  examined. 

Under  these  conditions  it  is  difficult  to  understand  why  Hawn 
should  have  later  entered  into  a  partnership  with  Swallow  for  the 
working  up  of  the  collections  and  the  publication  of  the  results,  and 
it  is  perhaps  not  to  be  wondered  at  that  Meek  should  have  denounced 
the  proceeding  somewhat  harshly  in  a  paper  prepared  under  the  joint 
auspices  of  himself  and  Hayden  and  read  before  the  Albany  Institute 
on  March  2  of  that  year.  Hawn,  in  a  subsequent  letter  to  Meek,  excused 
himself  on  the  ground  that  Meek's  letters  had  led  him  to  believe  that 
he  had  abandoned  the  investigation  for  want  of  time  or  for  want  of 
confidence  in  the  final  result,  and  that  consequently  he  brought  the 
matter  to  the  attention  of  Swallow  with  the  urgent  request  that  the 
collections  be  worked  up  immediately,  and  at  the  same  time  notified 

him  of  Meek's  suggestion  regarding  their 
Permian  nature.  Swallow  himself  wrote  a 
very  conciliatory  note  to  Meek,  which  seems, 
however,  to  have  been  far  from  healing  the 
]>reach  between  the  parties  most  concerned. 
The  facts  of  the  matter,  so  far  as  they  can 
be  made  out,  both  from  the  publications  and 
the  letters  now  in  the  archives  of  the  Smith- 
sonian Institution,  seem  to  show  that,  be- 
yond (luestion,  Meek  was  the  first  to  recog- 
nize the  possible  Permian  nature  of  the 
fossils  in  question ;  that  he  so  notified  Hawn, 
and  supposed  the  matter  was  so  arranged 
that  he  could  work  the  materials  up  at  his 
leisure.  In  the  meantime  Hawn,  as  sug- 
gested in  his  letter,  thinking  that  Meek  had  laid  the  matter  aside, 
Inought  it  to  Swallow's  attention,  who  published  the  matt^M*  with 
almost  unse<»mly  haste  in  the  Transactions,''  as  well  as  in  the  lo<*al 
newspap(Ms  of  the  day.  In  addition,  he  gave  the  substjince  of  the  dis- 
covery in  a  U'ttov  to  Dana,  dated  February  ir»,  whicli  was  published  as 
an  appendix  of  the  American  Journal  of  Science  for  March  of  that 
same  year.'' 

On  the  Sth  of  March  of  this  same  year  B.  F.  Shumard  announced, 
at  the  Academj'  of  Sciences  at  St.  Louis,  that  certain  fossils  which  his 

''  Swallow's  paper  begins  with  tlie  following  statement,  which  illustrators  his 
anxiety  to  claim  priority  in  a  discovery,  the  importance  of  which  was  greatly  over- 
estimated: **ln  presenting  the  following  paper  to  the  scientific  world,  we  feel  it 
incumbent  ujxm  ourselves  to  state  that  it  has  been  prepared  in  great  ha^te,  in  the 
midst  of  other  jiressing  duties,"  etc. 

^  Apparently  inserted  at  the  last  moment  l>efore  the  number  was  l)Ound  up,  and 

too  late  to  l)e  noted  in  the  table  of  contents.  ^^^^^1^ 
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brother,  Dr.  G.  G.  Shuniard,  had  brought  from  the  white  limestone 

of  the  Guadalupe  Mountains  of  New  Mexico  were,  at 
SN^jMSteJ!™****  *^^^  ^^  P^r!^'  identical  with  the  Permian  fossils  of 

Kansas.  This  is  referred  to  elsewhere  (p.  485).  Sub- 
sequently the  supposed  Permian  was  recognized  in  Illinois  by  Hall 
from  fossils  sent  to  him  by  Worthen. 

In  the  American  Journal  of  Science  for  May  of  the  year  following 
(1859),  Meek  and  Hayden  had  a  paper  on  the  so-called  Triassic  rocks 
of  Kansas  and  Nebraska,  in  which  they  expressed  the  opinion  "that 

the  entire  series  from  near  the  top  of  the  lower  Per- 
TriaMicin  lUiuu     mian  of  Profcssor  Swallow's  and  Mr.  Hawii's  sections, 

down  even  lower  than  the  horizon  where  they  draw 
their  line  between  the  Coal  Measures  and  the  Permian,  should  be 
regarded  most  nearly  related  to  the  Carboniferous  and  might  well  be 
called  Permo-Carboniferous."  This  view  for  some  time  prevailed,  but 
recent  work  has  shown  that  beds,  the  equivalent  of  the  true  European 
Permean,  are  present  in  Kansas,  Nebraska,  the  Guadalupe  Mountains, 
and  perhaps  in  other  ^mrts  of  the  West  as  well. 

Information  regarding  the  geology  of  Texas  up  to  this  date  (1S58) 
had  been  gradually  accumulating  through  the  work  of  geologists  con- 
nected with  the  various  exploring  expeditions,  and  more  particularly 

throuffh  Ferdinard  Roemer's  publications.    Roemer,  it 

B.F.Shumard's  ,  „    .  ,  r^  i 

Qeoioi^cai  Survey  of  mav  be  wcll  to  remark,  was  a  German  who  came  to 

Texas    1858. 

America  in  1845  for  the  purpose  of  geological  explora- 
tion, and  passed  a  year  and  a  half  in  active  work  in  Texas.  The  most 
important  of  his  publications,  the  outcome  of  this  work,  was  his  Die 
Kreidebildungen  von  Texas,  und  ihre  organ ischen  Einschliisse,  Bonn, 
1852 — a  large  quarto  of  100  pages  of  text  and  11  plates  of  invertebrate 
fossils.  In  1858  the  first  attempt  at  a  systematic  survey  under  State 
autJ^ices  was  attempted,  and  Dr.  B.  F.  Shumard,  whose  paleontological 
work  in  connection  with  explorations  under  Capt.  R.  B.  Marcy  and 
Colonel  Pope  have  been  already  noted,  was  appointed  State  geologist. 
Shumard  served,  through  much  trial  and  tribulation,  only  to  1860, 
when  he  was  suspended  for  political  reasons,^  and  Dr.  Francis  M. 
Moore,  who  had  been  one  of  his  assistants,  appoint(»d  in  his  place. 

« Austin,  Aprils,  1860. 
My  Dear  M.  :  Your  kind  letter  reached  ine  to-day,  and  I  can  not  sufficiently  thank 
you  for  the  friendly  feeHng  that  prompted  you  to  write  it  and  for  the  course  you 
have  taken  in  refusing  testimonials  t^)  the  aspirant  who  deeires  to  -supplant  me  in 
the  place  I  now  occupy.  I  shall  speak  to  you  unreservedly,  for  I  have  had  too  many 
a^urances  of  your  friendship  to  douht  it.  Of  the  qualifications  of  the  person  alluded 
to,  to  take  charge  of  a  work  so  important  as  the  survey  of  this  State,  I  need  not 
inform  you.  What  he  knows  of  geology  has  not  been  gathered  from  study,  but 
from  conversations  with  geologists.  Thus  he  at  first  made  the  Coal  Measures  of  Fort 
Belknap  Tertiary  and  wrote  a  long  article  which  was  published  in  the  Texas  papers! 
He  then  took  some  of  the  same  fossils  that  he  relied  upon  to  prove  their  Tertiary 
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But  OIK*  re|M)rt  was  issued,  a  pamphlet  of  17  pages,  bearing  the  date 
1^59.  It  very  briefly  outlined  the  work  accomplished,  laying  con- 
siderable emphasis  upon  the  presence  of  coal  and  other  economic 
products,  including  petroleum.  (Jeorge  G.  Shumard  was  assistant 
geologist,  W.  P.  Riddell,  chemist,  and  A.  Koessler,  draftsman. 

In  a  letter  to  J.  D.  Dana,  and  by  the  latter  printed  in  the  American 
Journal  of  Science  for  April,  1858,  Professor  Safford,  then  at  Cuml>er- 
land  University,  Lebanon,  Tennessee,  called  attention  to  an  important 
Safford  on  the  ^"^  previously  uiirecognized  unconformability  existing 

B«h^era^e  L^er  between  the  Lower  and  Upper  Silurian  formations  in 
ForiBiltloM^ii""^*"  Tennessee,  indicating,  as  he  felt,  the  one-time  presence 
TenneMee,  1858-59.  ^f  ^n  island  souic  80  to  \)i)  uiilcs  in  diameter  in  the 
Upper  Silurian  and  Devonian  se>as,  and  occupying  a  central  position 
with  reference  to  the  present  limits  of  the  State.     This  he  regarded  as 


age  to  the  North,  submitted  them  to  "my  friend  Mr.  Meek,"  returned  to  Texas,  and 
shortly  after  published  a  learned  (?)  article  in  which  he  referred  these  beds  to  the 
Coal  Measures,  their  true  age.  I  am  aware  that  he  professes  to  be  a  friend  of  mine, 
but  I  can  cry,  "save  me  from  such  friends."  He  says  truly  that  1  am  or  have  been 
in  trouble,  but  all  of  the  trouble  has  been  caused  either  by  himself  or  his  friends. 
He  spent  some  five  or  six  weeks  here  last  winter  during  the  session  of  the  legislature, 
and  it  is  believed  here  that  he  used  every  endeavor  to  get  either  my  position  or  that 
of  one  of  my  assistants,  either  of  whom  are  much  better  geologists  than  he.  Gov- 
ernor Runnels  refused  him  the  appointment  solely  on  the  ground  of  incompetency, 
and  insisted,  for  the  same  reason,  that  I  should  not  give  him  the  place  of  assistant. 
He  has  been  a  politician  a.l  his  life  and  for  many  years  edited  a  leading  political 
paper  in  this  State.  No  one  in  this  State  believes  him  to  be  a  geologist,  although 
for  political  reasons  some  profess  to  think  so.  T  believe  conscientiotisly  that  if  the 
geological  8ur\'ey  of  this  State  is  al)olishe<.l,  it  will  be  done  through  the  maneuvering 
of  Dr.  M.'s  friends  or  himself.  It  would  have  been  abolished  last  winter  had  the 
legislature  entertained  the  opinion  that  Dr.  M.  would  be  placed  in  charge  of  the 
survey.  The  people  throughout  the  State  feel  a  great  interest  in  the  survey.  But 
the  important  work  will  a**suredly  cease  with  the  next  legislature  if  Houston  mukes 
the  change.  I  do  not  know,  what  encouragement  Gov.  Houston  has  given  Dr.  M. 
He  (Houston)  has  removed  every  one  of  Runnel's  appointees,  except  myself,  and 
but  for  the  interference  of  some  of  Houston's  warmest  a<lmirera  I  should  have  sharetl 
the  same  fate  ere  this.  I  have  had  indirect  assurances  from  influential  Houston 
men  that  I  am  not  t<»  be  disturbed.  It  may  l)e,  however,  that  he  would  like  to 
remove  me  simply  from  his  hatred  to  Runnels,  and  that  he  would  like  to  iihield 
himself  behind  testimonials  in  Dr.  M's  favor  from  such  men  as  Professors  Henry, 
Bache,  and  yourself.  Or  it  may  In*  that  Dr.  .M.  wishes  the  testimonials  merely  to 
induce  Houston  to  give  him  the  place.  Of  one  thing  I  am  (juitt*  certain,  and  that  is, 
any  testimonials  he  may  succeed  in  procuring  will  l>e  employed  to  the  injury  of  the 
survey.    *    *    * 

I  am  sorry  that  I  have  had  to  say  unkind  things  of  anyone,  but  in  the  matter  of 
the  Texas  survey  the  case  requires  it.  1  shall  feel  much  obliged  to  you  if  you  will 
communicate  the  contents  of  this  letter  to  Professor  Henry,  to  w  hom  I  am  under 
many  obligations  for  mntif/  favors.  T  shall  strive  to  merit  the  good  opinion  that  he 
entertains  of  me. 

«  -i;  «  *  #  * 

B.  F.  Shitmard. 


Digitized  by  VjOOQIC 


AMERICAN  OEOLOOY DECADE  OF  la-JO-lgi'iO.        489 

probably  elevated  at  the  elo.se  of  the  Lower  Silurian  period  and  not 
again  depressed  until  the  lieginning  of  the  period  marked  by  the 
deposition  of  the  l)lack  shale  (Tpper  Devonian).  Ijattu-,  in  1S59,  Saf 
ford  pointed  out  the  faet  that  the  crinoidal  and  variegated  marbles 
and  ferruginous  limestones  of  eastern  Tennessee  were  originally 
deposited  in  the  foim  of  long,  narrow  belts,  streti*-hing  in  a  northeast 
and  southwest  direction  entirely  across  the  State.  This  striking  fea- 
ture he  accounted  for  on  the  supposition  that  the  materials  were 
deposited  in  long  and  narrow  troughs,  formed  by  earlier  oscillations  or 
corrugations  of  the  earth's  crust,  the  conditions  thus  contirming  the 
views  held  by  Professor  Dana  as  to  the  early  Silurian  age  of  the  begin- 
nings of  the  Appalachian  oscillations.  " 

The  geological  survey  of  Pennsylvania,  established  under  H.  D. 
Rogers  in  1836,  came,  it  will  be  remembei*ed,  to  an  untimely  end  in 
1842.  Rogers  being,  however,  unwilling  to  relinquish  the  work  in  its 
unfinished  condition,  continued  it  at  his  own  expense 
Re^monTbe ^'"^  Until  he  was  able  in  1847  to  make  his  final  report  to 
Penn^vania,  1858.  the  oflice  of  the  Secretary  of  the  Commonwealth. 
Here,  for  some  unknown  reason,  the  manuscript  was 
allowed  to  lie  until  the  spring  of  1851,  when  appropriations  were  made 
for  revising  it  and  bringing  it  up  to  date.  The  appropriations  were 
continued  until  1855. 

Gross  mismanagement  of  the  funds,  for  which,  it  is  said,  Rogers  was 
in  no  way  responsible,  prevented  the  publication  of  the  report,  how- 
ever, and  it  was  not  until  1858  that  it  was  finally  issued,  and  then  only 
under  a  special  contract  between  the  author  and  the  State,  whereby 
the  latter  was  to  furnish  the  sum  of  $16,000  and  Rogers  was  to  receive 
1,000  copies  of  the  book  and  the  original  manuscript.  The  work  was 
issued  by  W.  Blackwood  &  Sons,  London  and  Edinburgh,  and  J.  P. 
Lippincott  &  Co.,  of  Philadelphia,  and  was  in  the  form  of  two  quarto 
volumes  containing  1,631  pages,  with  23  full  page  plates,  18  folded 
sheets  of  sections,  and  778  figures  and  diagmms  in  the  text. 

This  was  an  epoch-making  work,  and  beyond  question  the  most 
important  document  on  the  geology  of  America  that  had  appeared  up 
to  the  date  of  issue,  with  the  possible  exception  of  the  final  reports  of 
the  New  York  surveys,  issued  in  1842-43.  From  these  it  so  differed, 
however,  as  to  be  considered  quite  by  it^self.     In*  the  New  York  sur 

« These  viewH  are  again  advanced  by  Ulrich  and  Schuchert  (Report  of  the  New 
York  State  Paleontologist  for  1901,  pp.  633-663),  who  ntate  that  several  folds  were 
developed  or  older  ones  accentuated  at  the  close  of  Beeknmntown  (Calciferous)  time. 
Between  thene  folds  of  the  southern  Appalachians  during  later  Lower  Siluric  tiiuen 
was  the  "I^noir  Basin,"  **  containing  several  disconnected  longitudinal  folds  high 
enough  to  affect  the  direction  of  currents  and  consequently  the  character  of  the  se<li- 
ments,  and,  in  a  smaller  degree,  faunal  distribution.  '  The  variegated  marbles  are 
in  the  western  or  "Knoxville  trough  "  of  this  basin. 
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vey  stratigraphy  based  upon  organic  remains  was  ever  uppermost. 
In  the  case  of  the  Rogers  reports  quite  the  reverse  is  true,  the  physical 
side  preponderating  over  everything  else.  While  the  value  of  fossils 
in  determining  the  relative  age  of  stmta  was  recognized,  yet  out  of  the 
entire  1,681  pages  but  20  are  devoted  to  invertebrate  paleontology 
and  47 — by  Lesquereux — to  a  description  and  discussion  of  the  fossil 
flora  of  the  Coal  Measures.  Naturally,  many  of  the  results  given  in 
these  reports  and  the  opinions  expressed  Had  found  their  way  into 
print  several  years  earlier,  particularly  through  the  publication  of  the 
American  Association  of  (leologists  and  Naturalists^.  Especially  was 
this  the  case  with  the  results  relative  to  Appalachian  structure. 

Rogers  was  aided  by  a  considerable  corps  of  assistants,  many  of 
whom  afterwards  bec^ame  noted  in  the  same  lines  of  work.  In  1836 
these  were  .John  F.  Fmzer  and  James  C.  Ik>oth;  in  1837,  Messrs.  S.  S. 
Haldeman,  A.  McKinley,  C.  B.  Trego,  and  J.  D.  Whelpley,  with 
Dr.  R.  E.  Rogers  as  chemist.  In  1S38  Messrs.  H.  D.  Holl,  J.  T. 
Hodge,  R.  M.  Jackson,  J.  C.  McKinney,  P.  \V.  Schaeffer,  T.  Ward, 
and  M.  H.  Boye  were  added  to  the  force.  In  1839  J.  Peter  Lesley 
and  Doctor  Henderson  were  added  in  place  of  Messrs.  W^helpley  and 
McKinnev,  w^ho  resigned.  In  1840  the  personnel  was  essentially  the 
same.  In  1841  it  was  reduced  to  Messrs.  McKinle}',  Holl,  Jackson, 
Lesley,  Boye,  and  Doctor  Rogers.  In  1851  the  geological  assistants 
were  Prof.  E.  Desor  and  W.  B.  Rogers,  jr.,  Peter  Lesley  and  A.  A. 
Dalson  serving  as  topographers. 

The  first  volume  of  these  report^^  treated  of  the  metamorphic  rocks 
and  the  Paleozoic  strata.  The  second  volume  began  with  a  discussion 
of  the  coal  bAsins  of  the  State,  to  which  over  000  pages  were  devoted. 
Some  30  pages  wei'e  devoted  to  a  discussion  of  the  rocks  of  the  Meso- 
zoic  n»d  sandstone  series,  which  was  followed  by  a  discussion,  first 
upon  the  igneous  rocks  and  minerals  with  special  l>earing  upon  their 
economic  value;  second,  the  conditions  of  the  physical  geography 
during  the  laying  down  of  the  Paleozoic  strata  of  the  United  States; 
third,  the  organic  remains  of  the  Sta-te;  fourth,  the  laws  of  structure 
of  the  more  disturbed  zones  of  the  earth's  crust;  fifth,  the  classifica- 
tion of  th(»  s(»veral  types  of  petrographic  structure  illustrated  in  the 
Appalachians;  sixth,  the  coal  fields  of  the  United  States  and  British 
provinces,  with  their  chemical  and  physical  characters;  seventh,  the 
method  of  searching  for,  opening,  and  mining  coal,  as  pursued  in 
Pennsylvania;  eighth,  foreign  coal  fields  and  coal  trade  and  statistics 
of  the  iron  trade. 

The  nonfossiliferous  rocks  underlying  the  old  Paleozoic  were  classi- 
fied as  Ilypozoic  or  true  metamorphic  and  Azoic  or  semimetamorphic, 
the  Hypozoic  including  the  true  gneisses  and  crystalline  schists,  and 
the  Azoic  or  semimetamorphic  strata  *' various  coarse  talcoid  and 
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chloritic  schists,  seniiporph^^ritic,  arenaceous  grits  and  conglomerates, 
and  jaspery  and  plumbaginous  slates,"  carrying  veins  and  dikes  of  a 
metalliferous  character. 

He  recognized  the  difficulty  in  at  all  times  separating  the  Azoic 
rocks  from  the  overlying  genuine  Paleozoic,  and  also  the  fact  that  it 
might  at  times  grade  into  it  without  a  break,  Also  he  recognized 
the  fact  that  a  portion  of  his  Lower  Paleozoic  was  metamorphic  or 
semimetamorphic.  When  one  reflects  on  how  emphatically  Rogers 
combated  Emmons's  Taconic  system,  it  seems  strange  that  he  should 
hold  to  these  views. 

The  belt  of  metamorphic  and  semimetamorphic  strata  extending 
from  Newfoundland  to  Ala)>ama  he  designated  as  the  Appalachian  or 
Atlantic  Belt,  and  the  one  extending  westward  from  the  north  coast 
of  the  St.  Lawrence  Gulf  to  the  Great  I^akes  as  the  Laurentide, 
owing  to  the  fact  that  these  latter  rocks  were  well  developed  in  the 
I^aurentide  Mountains. 

The  semimetamorphic  Azoic  rocks  he  (considered  as  richer  in  miner- 
als than  the  true  gneisses,  and  to  these  he  referred  the  schists  of  the 
Atlantic  coasts,  bearing  lead,  copper,  zinc,  and  iron,  and  the  auriferous 
quartz  veins  of  California. 

The  Paleozoic  formation  proper,  which  was  estimated  to  cover  prob- 
ably one-half  of  the  total  area  of  the  United  States  and  to  have  a  total 
thickness  of  from  3(),(K)()  to  35,000  feet,  was  divided  into  fifteen  distinct 
series  or  sets  of  formations,  '' extending  from  the  deposits  which  wit- 
nessed the  very  dawn  of  life  upon  the  globe  to  those  which  saw  the 
close  of  the  long  American  Paleozoic  day."  The  names  assigned  to 
these  formations  he  regarded  as  '^significant  of  the  different  natural 
periods  into  which  the  day  divides  itself,  from  the  earliest  dawn  to 
twilight."  These  were,  beginning  with  the  oldest,  Primal,  Auroral, 
Matinal,  Levant,  Surgent,  Scalent,  Pre-Meridian,  Meridian,  Post- 
Meridian,  Cadent,  Vergent,  Ponent,  Vespertine,  Umbml,  and  Serai — 
signifying  the  Dawn,  Daylu'eak,  Morning,  Sunrise,  Ascending  day. 
High  morning.  Forenoon,  Noon,  Afternoon,  Waning  day.  Descending 
day,  Sunset,  Evening,  Dusk,  and  Nightfall.  These  terms,  based  on 
time,  he  considered  preferable  to  the  inexpressive  ones,  nminly  of  a 
geogi'aphic;  character,  then  in  vogue. 

The  Primal,  Auroral,  and  Matinal  were  regarded  as  the  approximate 
representatives  of  Sedgwick's  Cambrian;  the  Levant,  Surgent,  Scalent, 
and  Pre-Meridian,  near  representatives  of  the  English  Silurian,  begin- 
ning with  the  Upper  Caradoc  Sandstones.  He  recognized  both  a 
physical  and  paleontological  break  in  the  succession  of  stmta  at  the 
contact  of  these  two  great  divisions  of  the  Paleozoic  system.  At  the 
base  of  the  Carboniferous  he  thought  to  recognize  a  break  correspond- 
ingly sharp. 
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The  *»ntire  Paloozoi*-  system  wa.s  thus  divided   into  three  natural 
divisions,  as  follows: 


[Seral . 


Coal  MeanureH. 


Upper  Paleozoic  .{Umbral [CarlxmiferouH {Middle  Carboniferous. 


(Vespertine j 

f Ponent |  letter    Devonian 

Ver^nt I    and  Carbonifer- 

Cadent ouk. 


Middle  Paleozoic. 


Pont- Meridian.  I 
Meridian I 


Older  Devonian . . 


Pre-Meridian 
Scalent 
Snrgent 
Levant 


ISilurian 


{Matinal I 
Auroral [Cambrian 
Primal | 


Lower  Carboniferous. 

Catskill. 

Chemung  and  Portage. 

Genesee,  Hamilton,  and  Mar- 
cel I  us. 
(Upper  Helderberg. 
[Oriskany. 

I^)wer  Helderberg. 

Onondaga  Salt  (^roup  and  Ni- 
agara Limestone. 

Clinton. 

Medina. 

Trenton  Limestone,  Utioa  and 
Hudson  River  slates. 

Black  River,  Cliazy  limestone, 
and  Calciferous  sandstone. 

Potsdam. 


The  sediments  making  up  these  Paleozoic  strata  were,  according  to 
his  views,  derived  from  a  land  area  now  occupied  by  the  Tertiary 
seaboard  plain  and  the  waters  of  the  Atlantic  Ocean.  This  deposition 
was  preceded  by  a  wide  movement  of  depression,  which  liegan  in  the 
south  or  southwest  and  permitted  the  waters  of  the  Appalachian  sea 
to  occupy  what  is  now  the  upper  half  of  the  southern  Atlantic  slope. 
There  was,  however,  left  above  water  to  the  southeast  of  the  present 
Atlantic  plani,  a  large  tract  of  continent  or  great  chain  of  islands 
which,  with  numerous  fluctuations  in  their  limits,  remained  as  such 
down  to  the  close  of  the  Carboniferous  period. 

He  considered  it  as  '"susceptible  of  demonstration  that  the  various 
coal  l)asins,  bituminous  and  anthracitic,  of  Pennsylvania,  Maryland, 
Ohio,  Virginia,  Kentucky,  and  Tennessee  were  originally  united," 
''the  whole  as  one  great  fonuation.''  This  is  essentially  the  view  held 
to-day.  The  structure  of  the  coal,  as  he  viewed  it,  rendered  *'it  ap- 
parent that  no  irregular  dispersion  of  the  vegetable  matter  by  any 
conceivable  mode  of  drifting  *  *  *  could  produce  the  phenomena 
which  they  exhibit,"  and  he  could  not  conceive  of  '*any  state  of  the 
surface  adapted  to  account  for  these  appeamnces,  but  that  in  which 
the  margin  of  the  sea  was  occupied  by  vast  marine  savannahs  of  some 
I)e4it-creating  plant,  growing  half  immersed  on  a  perfectly  horizontal 
plain,  and  this  fringed  and  intersp)ersed  with  forests  of  trees,  shedding 
their  leaves  on  the  marsh/'  In  this  he  agreed  with  Beaumont,  though 
his  evidence  was  of  different  chai-acter.  He  further  believed  that  the 
coal  material  became  finally  engulfed  through  eaithquake  action,  the 
sea  receding  and  then  returning  once  more  laden  with  detritus,  carry- 
ing everything  before  it  and  reaching  far  inland.     Thus  the  entire 
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marginal  forest  growth  might  he  uprooted  and  as  the  sea  again 
retreated  the  material  would  be  spread  broadcast  and  mixed  with 
eoai*8e  rock  detritus.  When  finally  the  eai*thquake  paroxysms  ceased 
and  the  sea  became  quiet,  the  fine  silt  in  suspension  was  deposited, 
forming  thus  the  soil  for  another  growth.    . 

The  regular  decrease  in  the  amount  of  volatile  bituminous  matter  in 
the  (^oal  as  one  passes  from  west  to  east  was  accredited  to  the  action 
of  the — 

prodigious  quantity  of  intensely  heated  steam  and  gaseous  matter  emitted  through 
the  crust  of  the  earth,  by  the  almost  infinite  number  of  cracks  and  crevices  which 
must  have  Ijeen  produced  during  the  undulation  and  permanent  bending  of  the  strata. 
The  coal  in  the  east  basin  would  thus  l>e  effectually  steamed,  and  raised  in  tem{)era- 
ture  in  every  part  of  the  mass  would  discharge  its  bituminous  matter  in  proportion 
to  the  energy  of  the  disturbance. 

Rogers,  it  should  be  noted,  found  in  the  American  Carlioniferous  no 
recognizable  l)ase  defined  by  organic  remains  alone,  and  in  his  classifi- 
cation relied  mainly  on  the  suddenness  of  the  change  from  marine  to 
terrestrial  forms  and  the  rapid  appearance  of  that  amazing  vegetation 
characteristic  of  the  coal  period. 

He  conceived  the  Connecticut  red  sandstone  as  having  been  depos- 
ited on  sloping  shores  within  a  narrow  estuary,  its  greatest  depth  near 
its  eastern  margin,  the  material  itself  having  been  derived  from  the 
west.  The  sandstone  west  of  the  Hudson  in  New  York  State  he 
believed  to  have  been  deposited  in  an  estuary  having  its  greatest  depth 
to  the  northwest,  the  materials  being  derived  from  the  southeast. 
The  period,  he  argued,  was  ushered  in  by  a  sudden  agitation  of  the 
region,  resulting  in  an  abrupt  depression  of  the  tidal  portions  of  each 
tract  below  the  general  ocean  level.  Into  these  depressions  the  sud- 
denly displaced  drainage  would  drop  a  lot  of  fi'agmentary  material 
such  a.s  would  form  the  lower  lying  conglomerates.  Finer  materials 
brought  in  later  by  stream  action,  and  more  or  less  modified  by  tides, 
formed  the  upper  beds.  He  agreed  with  Emmons  in  regarding  these 
Mesozoic  sands  as  of  »Iurassic  and  Oolitic  age. 

One  of  the  most  important  chapters  in  the  work  related  to  types  of 
orographic  structure  and  the  physical  structure  of  the  Appalachian 
chain,  which  was  worked  out  in  conjunction  with  his  brother,  Prof. 
William  B.  Rogers.  This  formed  the  substance  of  a  paper  read 
l>efore  the  Association  of  American  Geologists  at  its  third  sesvsion  in 
April,  1842,  and  already  noted  under  that  date  (see  p.  370).  It  is 
well  to  recall,  however,  that,  under  the  title  of  Didocation  of  an 
AritlrJlnal  A,f'is  Plane — Unhiverted  Sid^  of  Wave  Shored  Over  ihv 
Inverted^  he  described  and  illustrated  the  overthrust  faults  of  the 
modern  geologist,  and  remarked  on  their  misleading  character,  owing  to 
the  resulting  dipping  of  younger  strata  beneath  those  which  are  older. 

The  origin  of  valleys  occupying  the  crests  of  anticlinal  ridges,  which 
he  designated  as  'Galleys  of  elevation,"  he  rightly  described  as  due^^€^ 
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the  carving  force  of  waters.  The  mountains  themselves  he  thought  to 
have  been  elevated  by  successive  but  sudden  earthquake  movements 
through  and  above  the  ocean;  the  water  of  which,  as  a  consequence, 
was  propelled  in  gigantic;  billows  and  rushing  sheets  transversely  across 
the  anticlinal  ridges,  scooping  them  out  where  weakest  into  the  form 
of  terraced  oval  valleys. 

Slaty  cleavage  was  looked  upon  as  due  not  to  movement,  purely,  but 
to  the  action  of  haat  waves  traversing  the  rocks.  In  proof  of  this, 
he  cited  his  observations  to  the  effect  that,  in  gneisses  lying  in  an 
undisturbed  horizontal  position,  the  foliation  is  almost  invariably  coin- 
cident with  the  stratification,  the  heat  producing  it  having  flowed 
upward,  invading  stratum  after  stratum.  Where  granite  occuirs  invad- 
ing gneissic  strata,  the  foliation,  according  to  his  views,  is  parallel  to 
the  plane  of  outflowing  heat.  He  thought  to  discover  two  general 
laws:  First,  that  the  planes  of  foliation  ''are  parallel  to  the  waves  of 
heat  which  have  been  transmitted  through  the  strata,''  and  second, 
''the  foliation  is  parallel  or  approximately  so  to  the  cleavage,  when 
both  occur  in  the  same  rock  mass. 

A  singular  and,  to  the  present  writer,  unaccountable  discrepancy  in 
the  work  of  Rogers  lies  in  his  almost  completely  ignoring  the  latest 
glacial  views  as  advocated  by  Agassiz  and  others.  The  fact  that  the 
greater  pail  of  the  work  was  completed  and  the  manuscript  prepared 
prior  to  1848  can  scarcely  be  considered  a  sufficient  reason,  since  the 
years  1851-1855  were  devoted  to  its  revision  and  bringing  it  up  to  date. 
Moreover,  his  mention  of  the  fact  that  the  marine  Pleistocene  forma- 
tion of  Canada  had  been  designated  Laurentian  clays  by  Desor  (in 
1850),  shows  that  he  was  at  least  conversant  with  the  literature  of  the 
period;  the  fact  that  he  had  considered,  if  not  fully  comprehended, 
Agassiz's  views,  is  shown  by  a  brief  paragraph,  in  which  he  described 
and  figured  drift  striie  seen  on  an  exposed  surface  of  Umbral  sand- 
stone on  the  south  side  of  the  Wyoming  Valley.  These  are  described 
as  pointing  up  the  slope  toward  the  southwest,  ''as  if  produced  by 
fragmentary  debris  violently  propelled  against  the  sloping  mountain 
wall  of  the  valley  from  the  north."  The  presence  of  such  ascending 
stri«e,  both  here  and  elsewhere,  effectually  refuted,  according  to  his 
conception  of  it,  the  glacial  theory  of  their  origin.  Like  Hitchcoi'k, 
he  failed  to  conceive  of  other  than  local  mountain  glaciers  of  the  Swiss 
type.  Without  mentioning  the  name  of  Agassiz  or  other  of  his  col- 
laborators than  that  of  Desor,  he  gave  the  following,  even  then  anti- 
quated matter,  after  a  general  discussion  of  the  distribution  of  the 
drift  and  the  various  phenomena  accompanying  it.  For  the  earlier 
drift,  it  should  be  noted,  he  offered  no  explanation  whatever  other 
than  implied  in  a  reference  to  a  period  of  repose  which  '^separated 
the  convulsed  epochs  of  the  earlier  general  and  later  local  drift." 

A  ready  explanation  of  the  origin  of  this  newest  Pleistocene  deposit  (i.  e.,  that  of 
the  Hudson  and  Lake  Ohaiuplain  districts)  siiggeHt.s  itself  when  we  consider  the 
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nature  and  enerj?y  of  the  crust  movements  which  lifted  the  Laurentian  clays  and 
sands  to  a  height,  in  one  locality  at  leant,  of  not  less  than  500  feet,  and  which  drained 
wide  tracts  of  the  Upper  Laurentian  lakes.  The  mere  agitation  or  pulsating  move- 
ment of  the  crust,  if  unaccompanied  by  any  permanent  uplift  of  the  land,  would 
suffice  we  would  think,  by  lashing  the  waters  of  the  tidal  estuaries  in  <me  quarter 
and  the  lakes  in  the  other,  to  strew  a  portion  of  the  older  drift  bordering  all  those 
basins  in  wide  dispersion  upon  the  top  of  the  more  tranquil  sediments;  but  if  such  a 
pulsation  of  the  crust  were  acc^ompanied  with  successive  paroxysmal  liftings  of  wide 
tracts  of  the  land,  then  the  inundation  would  take  the  form  of  stupendous  currents, 
the  strewing  power  of  M^hich  would  be  adequate  to  any  amount  of  superficial  trans- 
portation, even  to  the  remote  transportation  of  the  larger  erratics. 

His  idea^  regarding  vein  formation  and  the  origin  of  quartzite  were 
equally  crude.  Thus,  speculating  on  the  wide  distribution  of  the  Pots- 
dam sandstone,  its  remarkable  uniformity  and  purely  (juartzose  nature, 
he  wrote  with  particular  reference  to  the  last: 

May  we  not  conjecture  that  this  *  *  *  was  supplie<l  from  the  great  dikes  and 
veins  of  auriferous  quartz,  which  *  *  *  issue<i  in  a  melted  condition  through  the 
rents  and  fissurt^s  of  the  crust  over  all  the  region  of  the  Atlantic  slope.  *  *  * 
Outgushing  bodies  of  this  quartz  mingled  with  volcanic  steam,  and  suddenly  chilled 
and  pelted  upon  by  cold  and  heavy  rains,  may  have  l)een  granulated  into  sand,  as 
would  occur  with  heated  unannealed  glass,  and  then  washed  in  copious  streams  into 
broad,  shallow,  and  tide-moved  sea,  and  there  graflually  disi>er8ed  and  precipitate*  1. 

From  the  above  it  will  appear  that  Rogers  was  a  catastrophist. 
Further  than  that,  viewed  in  the  light  of  to-day,  many  of  the  conclu- 
sions which  he  drew  from  observed  phenomena  and  the  theories 
advanced  are  strikingly  absurd  for  a  man  of  his  learning.  This  is 
particularly  true  with  reference  to  his  ideas  on  the  formation  of  anthra- 
cite (p.  372),  the  origin  of  valleys  (p.  493)  and  mounfeiin  chains  (p.  371), 
and  that  of  the  Potsdam  sandstone  just  mentioned.  Indeed,  his  entire 
work  well  illustrates  the  peculiar,  uneven  make-up  (if  I  may  be  allowed 
the  expression)  of  some  of  our  best  workers.  Gifted  with  a  mind 
unequaled  for  power  of  observation  and  deduction,  he  was  yet  wholly 
deficient  in  theory. '^  ^''  Great  men,  of  great  gifts  you  shall  easily  find, 
but  symmetrical  men,  never.'' 

"The  work  was  favorably  reviewed  in  th.e  American  Journal  of  Science  for  Novem- 
ber, 1859,  almost  the  only  unfavorable  criticism  relating  to  the  deficiency  of  paleon- 
tological  work  and  the  geological  nomenclature  adopted.  **  The  author  has  left  this 
great  department  (of  paleontology)  of  the  survey  to  future  workers.  This  being  so, 
the  author  has  hardly  a  broad  enough  basis  for  the  institution  of  a  new  system  of 
nomenclature  and  of  subdivisions  for  the  Paleozoic  formations,  and  especially  for 
diverging  in  these  res{)ects  from  the  New  York  survey,  in  which  the  subdivisions 
had  l)een  founded  \i\Hm  a  thorough  study  of  the  organic  remains.  The  namt»s  of 
these  sulwlivisions.  Auroral,  Matinal,  Levant,  Surgent,  and  so  on,  can  not  be  proved 
to  be  better  than  those  before  adopted.  They  are  foundiKl  on  the  idea  of  a  Paleozoic 
day,  which  has  had  no  existence  except  in  the  fancy  of  the  writer.  This  unfortunate 
framework,  about  which  Profeasor  Rogers  has  clustered  his  facts,  is  no  serious 
impediment  to  the  geological  reader  who  has  a  key  at  hand  for  comparison. 

The  work  is  a  great  one,  worthy  of  the  State  which  authorized  the  survey.  It 
contains  a  vast  amount  of  information  in  all  its  departments,  and  will  ever  rank 
among  the  most  important  of  the  rei>ortjj  of  the  geology  of  the  UnitedyBtat^.^^*^^ 
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As  previously  noted  (p.  438),  J.  G.  Norwood,  State  geologist  of  Illi- 
nois, was  succeeded  in  1858  by  Amos  H.  Worthen.     Under  the  latter's 
direction  the  survey  lasted  until  1875,  when  active  field  work  was  dis- 
*,     continued,  owing  apparently  to  an  indisposition  on 

Amof  H.  Worthen's       .  *        i»      i        i       •   i  •  i        i 

Work  in  luinois,  the  part  of  the  legislature  to  provide  the  necessary 
funds.  Six  volumes  of  reports  had  been  issued  up  to 
this  time,  and  by  the  aid  of  subsequent  special  appropriations,  two 
more  were  completed,  the  last  bearing  the  date  1890,  and  on  the  title 
page  the  name  of  Joshua  Lindahl,  State  geologist,  and  Worthen  as 
director.  The  total  published  results  of  this  survey  amounted  to 
upward  of  4,000  jmges  of  text  and  197  full-page  plates  of  fossils. 

Worthen  was  aided  at  various  times  during  the  work  by  J.  D. 
Whitney,  Leo  Lesquereux,  Henry  Engelmann,  J.  S.  Newberrj',  F.  B. 
Meek,  H.  C.  Freeman,  H.  M.  Bannister,  H.  A.  Green,  James  Shaw, 
G.  C  Broadhead,  Orestes  St.  flohn,  and  E.  T.  Cox.  The  work  of 
Whitney  naturally  related  to  the  mining  problems  of  the  State, 
l^esquereux  to  the  paleobotany.  Meek  to  the  invertebrate  paleontol- 
ogy, Newberry  to  the  vertebrate  paleontology,  and  the  others  men- 
tioned to  general  stratigraphy. 

In  the  first  volume  of  his  work  Worthen  divided  the  sub-Carbon- 
iferous into  five  groups:  The  Chester,  St.  Louis,  Keokuk,  Burlington, 
and  Kinderhook,  the  term  Chester  group  being  used  in  place  of  the 
Kaskaskia  of  Hall,  and  the  St.  Louis  including  the  Warsaw  of  Hall. 
The  blue,  green,  and  chocolate-colored  shales  immediately  underlying 
the  Kinderhook  group  in  western  and  southern  Illinois  he  regarded  as 
Devonian. 

Whitney,  in  his  report,  regarded  the  Galena  limestone  as  the  ''sole 
depository  of  lead  in  western  Illinois,"  a  view  not  quit^  in  agreement 
with  that  expressed  with  reference  to  the  Iowa  and  Wisconsin  fields. 
Two  maps  were  given  in  this  report  -one  a  geological  map  of  the 
northwest  corner  of  the  State,  and  the  other  showing  a  diagram  of 
the  lead-bearing  crevices  near  Galena.  The  origin  of  these  lead- 
bearing  crevices  '•'seems  to  be  the  same  cause  by  which  what  are  called 
joints  by  geologists  have  been  formed  in  almost  every  variety  of  rock, 
occurring  in  large  homogeneous  masses,  and  especially  where  a  decided 
crystalline  texture  exists  in  them."  The  course  of  the  main  set  of 
fissures  he  thought  might  have  been  determined  by  the  axis  of 
upheaval,  by  which  the  whole  region  had  been  slowly  elevated  along 
the  north  boundary  of  the  district,  the  metals  themselves  having  been 
held  in  solution  in  oceanic  waters  and  precipitated  through  the  agency 
of  decomposing  organic  matter." 


«Thi8  is  essentially  the  view  held  to-day,  with  this  difference:  Most  geologists 
believe  that  the  ore  was  originally  disseminated  throughout  the  limestone,  and  that 
it  hag  become  segr^ated  in,  veins  and  pockets  through  the  leaching  action  of 
meteoric  waters.  /^  i 
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Lesquereux,  in  connection  with  his  paleobotanical  work,  took 
occasion  to  announce  his  adherence  to  the  view  that  the  coals  were  the 
result  of  the  accumulation  of  sphagnous  mosses,  in  place,  i.  e.,  were 
not  drift.  He  also  introduced  a  chapter  on  the  origin  of  prairies,  in 
which  he  took  the  ground  ''  that  all  the  prairies  of  the  Mississippi 
Valley  were  formed  through  the  slow  recession  of  sheets  of  water  of 
varying  extent,  whereby  the  existing  lakes  were  gradually  transformed 
into  swamps  and  bogs  and  ultimately  into  dry  land.  The  black  sur- 
face soil  of  the  pmiries  he  thought  to  be  due  to  the  growth  and  decom- 
position of  bog  vegetation,  conferva?,  etc."  With  this  view  Worthen, 
in  the  fifth  volume  of  the  reports,  did  not  wholly  agree.  No  one 
theory,  he  thought,  was  sufficient  to  explain  all  the  phenomena  noted, 
though  the  chief  cause  of  the  treelessness  of  the  prairies  he  felt  to  be 
due  to  the  character  of  the  soil  itself.  The  loess  Worthen  regarded  as 
of  fluviatile  origin.  Concerning  the  origin  of  the  drift  as  a  whole,  he 
wrote: 

Thus  it  will  be  seen  that  the  first  and  greatest  of  the  drift  forces  was  the  glacier; 
then  the  floating  ireberg  and  \cv  field  produced  their  re*»ulte,  carrying  the  large 
bowlders  from  place  to  place  and  dropping  them  over  the  ice-cold  seas;  and  las^tly, 
the  wave  and  current  force  of  water,  after  the  ice  had  in  part  or  altogether  melted, 
leaving  the  loose  clays,  sands,  and  subsoils,  substantially  as  we  find  them. 

In  his  second  report,  published  in  186(5,  Woithen  adhered  to  the 
determination  first  published  in  the  Transactions  of  the  Philadelphia 
Academy  of  Sciences,  1865,  to  call  by  the  name  of  the  Cincinnati  group 
the  rocks  of  the  State  grouped  by  Hall  under  the  name  of  Hudson 
River.  This  volume  was  devoted  wholly  to  the  paleontology  of  the 
State,  and  contained  articles  by  Newberry,  Meek,  Worthen,  and  Les- 
quereux. Newberry,  in  his  work  on  the  fossil  fishes,  accounted  for 
the  abundance  of  some  of  these  forms  in  certain  strata  as  due  perhaps 
to  the  sudden  introduction  of  ''heated  waters  or  noxious  gases "  in 
the  Carboniferous  seas  where  these  forms  lived. 

The  third  volume  appeared  in  1868,  and  was  given  up  to  a  discus- 
sion of  the  geolog}'  of  the  various  counties,  with  paleontology  by 
Meek  and  Worthen. 

The  fourth  volume  appeared  in  1870.  It  was  devoted  quite  largely 
to  paleobotany  l)y  Lesquereux,  vertebrate  paleontology  by  Newberry 
and  Worthen,  and  descriptive  geology  of  the  various  counties  by 
Woilhen,  Bannister,  Bradley,  and  (xreen. 

Worthen  was  born  in  Vermont  in  1813,  and  educated  in  the  com- 
mon schools  and  the  local  academy.  In  1834  he  emigrated  to  Ken- 
tucky, and  in  1886  removed  thence  to  Warsaw,  Illinois,  where  he 
made  his  permanent  home.  Until  1855  he  was  engaged 
Sketch  of  Worthen.  in  mercantile  pursuits,  but  dev^oted  all  his  spare  time 
to  a  study  of  the  local  geology,  to  which  he  was  at- 
tracted by  the  abundant  fossil  remains  for  which  the  region  was  noted. 
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At  the  time  he  began  his  work  satisfactory  text-books  were  few  and 
the  difficulties  which  he  encountered  in  addition  may  be  best  under- 
stood when  it  is  remembered  that  work  was  undertaken  more  than 
fifty  years  ago,  when  railroads  were  practically  unknown,  when  post- 
age on  a  single  letter  cost  25  cents,  and  when,  moreover,  money  was 
scarce  and  labor  cheap.  There  being  no  overland  freight  or  express 
lines,  all  his  exchanges  of  specimens  with  friends  in  the  East  were 
made  by  means  of  Mississippi  River  steamboats  between  Warsaw  and 
New  Orleans,  and  Gulf  of  Mexico  and  Atlantic  sailing  vessels  between 
New  Orleans  and  Boston.  Often  months  would  elapse  between  the 
time  of  his  sendings  and  return  of  exchange  material. 

In  1851  Worthen  first  began  attendance 
upon  the  meetings  of  the  American  Associa- 
tion, and  in  1853,  as  noted,  took  part  in  the 
survey  of  the  State  of  Illinois,  under  the 
direction  of  J.  G.  Norwood.  From  1855- 
1857  he  was  assistant  to  James  Hall  on  the 
survey  of  Iowa,  and  in  1858  was  made  State 
geologist  of  Illinois  in  place  of  Norwood, 
as  already  mentioned. 

Worthen's  own  labors  related  principally 
to  the  Carboniferous  rocks,  and  to  him  be- 
longH  the  credit  of  being  the  first  to  work 
out  the  true  relations  of  the  divisions  of  the 
Lower  Carboniferous  system  in  this  section. 
Personally,  as  we  are  told  by  his  biogra- 
pher, Worthen  wa^  of  manly  presence,  kindly,  candid,  and  of  unpre- 
tentious manner,  impulsive  and  generous  to  his  friends,  charitable  even 
to  those  with  whom  he  had  little  sympathy,  but  uncompromising  in  his 
love  of  justice  and  scientific  truth.  His  thorough  interest  in  his  work 
is  shown  by  his  persistent  continuation  of  the  same  under  the  most 
adverse  conditions.  Again  and  again  his  work  was  in  danger  of  sus- 
pension by  the  threatened  failure  of  the  necessary  appropriations  by 
the  legislature,  and  more  than  once  they  were  so  far  reduced  that 
only  the  most  careful  management  averted  disaster.  Once  during 
1875-1877  the  appropriations  were  allowed  to  entirely  fail,  but  he 
continued  his  work  without  compensation  and  with  such  sincerity  of 
purpose  that  they  were  resumed  by  the  next  legislature. 

Lesquereux,  whose  paleobotanical  work  has  been  on  several  occasions 
described  in  these  pages,  and  to  whom  we  shall  again  have  occasion 
to  refer,  was  born  at  Fleurier,  Switzerland,  in  1806,  and  canie  to 
America  with  Arnold  Guyot,  about  1848.  His  early  scientific  studies 
were  on  living  plants;  but  later,  and  particularly  after  coming  to 
America,  he  turned  his  attention  almost  exclusively  to  fossil  forms. 
His  work  on  the  coal   plants  of  Ohio,   Pennsylvania,  Illinois,  and 
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Fig.  71.— Leo  Lesquereux. 


Arkansas  began  in  1850,  and  his  papers  appear  in  the  geological  sur- 
vey reports  of  all  these  States.  His  work  on  the  coal  flora  of  Penn- 
sylvania was  particularly  valuable,  forming  what  was 
at  the  time  the  most  important  work  on  Carboniferous 
plants  published  in  America.  Lesquereux  becameearly 
connected  with  the  Hayden  surveys,  and  to 
the  time  of  his  death,  in  1880,  was  actively 
engaged  in  the  study  of  the  materials  col- 
lected by  members  of  this  organization. 
Deaf  from  early  manhood,  a  foreigner, 
with  but  poor  command  of  English,  he 
labored  under  enormous  disadvantages. 
To  an  interviewer  he  once  remarked: 

The  science  studeiit'H  life  i«  al)8<)rl)ed  with  j^rave 
and  serious  truths;  they  are  naturally  serious  men. 
My  associations  have  been  almost  entirely  of  a 
scientific  nature.  My  (ieafne^s  cut  me  off  from 
everything  that  lay  outside  of  science.  I  have 
lived  with  nature,  the  rocks,  the  trees,  the  flowers. 
They  know  me.  I  know  them.  All  outside  are 
dead  to  me. 

In  April,  1858,  Henry  Youle  Hind,  of  Toronto,  was  authorized  by 
the  provincial  government  of  Canada  to  explore  the  region  ^' lying  to 
the  west  of  Lake  Winnipeg  and  Red  River,  and  embraced  (or  nearly 
so)  between  the  rivers  Saskatchewan  and  Assiniboine,  as  far  west  as 
South  Branch  House  on  the  former  river."  He  was  directed  further 
to  procure  all  the  information  in  his  power  respect- 
Winnipeg  Country,  ing  the  geology,  natural  history,  toi)ography,  and 
meteorology  of  the  region.  The  work  was  accom- 
plished between  June  14  and  October  31,  the  results  being  published 
in  1859  in  form  of  a  thin  quarto  volume  of  201  pages,  with  a  colored 
geological  map,  two  plates  of  fossils,  and  other  maps,  figures,  and  sec- 
tions. The  region  was  described  as  occupied  by  Laurentian  gneisses 
to  the  east  of  Lake  Winnipeg,  succeeded  to  the  west  by  Silurian, 
Devonian,  and  Cretaceous  formations.  The  Cretaceous  fossils  were 
described  by  F.  B.  Meek  and  the  Devonian  and  Silurian  forms  by 
E.  Billings. 

Hall's  principal  contribution  to  strictly  physical  geology  was  that 
relating  to  the  accumulation  of  sediments  and  the  formation  of  moun- 
tain chains.  The  first  brief  announcement  of  this  was  made  in  his 
Hall's  Views  on  reports  On  the  geology  of  Iowa,  (p.  465).  In  1857  he 
^^ttnuScTB^iding  brought  the  matter  before  the  public  once  more  in  his 
^®'^-  address   before    the   American   Association    for    the 

Advancement  of  Science,  at  Montreal.  This  address  was,  however, 
not  printed  at  the  time,  and  it  was  not  until  two  years  later  that  he 
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formulated  his  views  and  gjive  them  in  extension  in  part  six  of  the 
third  volume  of  the  Natural  History-  of  New  York.  In  1869,  in  an 
address  on  the  Geological  History  of  the  North  American  Continent, 
delivered  })efore  the  American  Institute  of  New  York,  he  reiterated 
many  of  the  opinions  previously  announced,  and,  finally,  in  1882 
brought  out  the  original  address  of  1857,  and  this,  it  is  said,  without 
revision.  Whatever  changes  or  additions  it  was  found  desirable  to 
make  were  added  in  the  form  of  supplementary  notes.  The  subject 
may,  therefore,  be  conveniently  reviewed  at  this  date  (1851*). 

Hall  had  shown  that  one  simple  and  intelligible  sequence  of  stmta, 
from  the  Potsdam  sandstone  to  the  end  of  the  Coal  Measures,  covered, 
w  ith  slight  exceptions,  the  entire  country  from  the  Atlantic  slopes  to 
the  base  of  the  Rocky  Mountains,  and  that  while  the  horizontal  strata 
gave  their  whole  elevation  to  the  highest  parts  of  the  plain,  the  same 
beds  were  folded  and  contorted  in  the  mountain  region,  thus  giving  to 
the  mountain  elevation  not  one-sixth  of  their  actual  thickness.  He 
thought  to  have  show  n  conclusivel\'  that  the  line  of  greatest  accumu- 
lation of  sediments  had  been  along  the  direction  of  the  Appalachian 
chain;  in  other  words,  that  the  Appalachian  chain  was  itself  due  to 
the  original  deposition  of  materials  and  not  to  any  subsequent  action 
or  influence  breaking  up  and  dislocating  the  strata  of  which  it  was 
composed. 

Discussing  the  cause  of  this  folding  and  plication,  he  referred  tq  the 
fact  previously  recognized  by  Herschel  to  the  effect  that  se.i  bottoms, 
when  loaded  by  accumulated  sediments,  undergo  a  process  of  subsi- 
dence which  may  cause  an  elevation  of  the  adjacent  continental  areas, 
a  principle  which  was  then  }>ecoming  generally  recognized  and  which 
has  since  become  known  ander  the  name  of  ls<Macy.  When,  then,  these 
sediments  were  spread  along  a  f)elt  of  sea  bottom,  as  originally  in  the 
line  of  the  present  Appalachian  chain,  the  first  effect  would  be  to  pro- 
duce a  yielding  of  the  earth's  crust  beneath  and  a  gradual  subsidence. 
Evidence  of  this  subsidence  was  furnished  by  the  great  amount  of 
material  accunmlated,  for  it  was  impossible,  he  argued,  to  suppose 
that  the  sea  had  been  originally  as  deep  as  the  thickness  of  the  accu- 
mulations (some  40,000  feet). 

The  line  of  greatest  depression  would,  therefore,  be  along  the  lines 
of  greatest  accumulation.  By  such  a  process  of  subsidence  the  lower 
side  of  the  accumulations  would  become  gradually  curved  and  stretched, 
and  there  would  follow,  as  a  sequence,  rents  and  fiactures.  On  the 
surface  above,  which  would  be  contracted  horizontally  by  such  sub- 
sidence, there  would  be  produced  wrinkles  and  foldings  of  the  strata. 
Into  the  rifts  formed  below  it  was  conceivable  theie  might  rush  fluid 
or  semifluid  material,  producing  what  are  now^  evident  as  trap  dik^s. 

The  sinking  of  the  mass  would  prcxluce  a  great  synclinal  axis,  and 
within  this  axis,  whether  on  a  large  or  small  scale,  would  bp  produced 
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numerous  smaller  synclinal  and  anticlinal  axes.  The  greater  amount 
of  compression  above  or  stretching  below  along  the  line  of  maximum 
thickness  of  the  sediments  would  account  for  the  gradual  decline 
toward  the  margin  of  the  major  sjncline  or  the  evidences  of  fracture 
and  distortion.  This,  he  thought,  afforded  a  partial  explanation  of 
the  fact  that  mountain  elevations  in  disturbed  regions  bear,  in  their 
altitude,  a  much  smaller  proportion  to  the  actual  thickness  of  the  for- 
mation than  do  the  hills  in  undisturbed  regions;  and,  further,  that  since 
in  the  formation  of  an  anticline  the  beds  are  weakest  at  the  ridge  and 
become  more  liable  to  denudation,  such  are  often  worn  down  to  form 
low  ground  or  even  deep  valleys,  while  the  synclinal  arches,  being 
protected  in  the  downward  curvings  of  the  beds,  may  remain  to  form 
the  prominent  mountain  crests,  as  is  observable  in  the  southern  Appa- 
lachians. It  nowhere  seemed  to  him  that  folding  or  plication  had  con- 
tributed to  the  altitude  of  the  mountains,  but  rather  that  the  more 
extreme  the  plication  the  greater  had  been  the  general  degradation  of 
the  mass  wherever  subjected  to  denuding  agencies. 

The  chief  elevation  of  the  Appalachian  chain,  he  argued,  was  conti- 
nental and  not  of  local  origin,  and  the  present  mountain  barriers  to 
him  were  but  the  visible  evidences  of  the  deposits  upon  an  ancient 
ocean  bed,  while  the  determining  cause  of  theii'  elevation  existed  long 
antenor  to  the  production  of  the  mountains  themselves. 

At  no  point  nor  along  any  line  l)etween  the  Appalachian  and  Rocky  Mountains 
could  the  same  fQrceH  have  produced  a  mountain  chain,  because  the  materials  of 
accumulation  were  insufficient,  and  though  we  may  trace  what  appears  to  be  the 
gradual  subsiding  influences  of  these  forces,  it  is  simply  in  these  instances  due  to  the 
paucity  of  the  material  upon  which  to  exhibit  its  effect*?. 

Referring  to  the  amount  of  metarnorphis'\n  which  these  rocks  had 
undergone,  Hall  thought  that  we  must  look  to  some  other  agency  than 
heat  for  the  production  of  the  phenomena,  and  that  the  '^  prime  cause 
must  have  existed  within  the  material  itself;  that  the  entire  change 
was  due  to  motion  or  fermentation  and  pressure  aided  by  a  moderate 
increase  of  temperature,  producing  chemical  change."  Just  what  is 
meant  by  this  it  is  difficult  to  say,  but,  inasmuch  as  Hall  seems  to  have 
been  in  consultation  with  Sterry  Hunt,  it  is  safe  to  assume  that  it  was 
intended  to  include  all  possible  causes  which  future  investigation 
might  show  to  have  been  operative. 

These  views  of  Hall  seem  not  to  have  been  favorably  received  at 
first  by  the  American  geologists,  and  were  facetiously  referred  to 
by  Dana  as  proposing  a  system  of  mountain  making  with  mountains 
left  out.  To  this  Hall  very  justly  replied  that- he  had  not  intended 
to  oflfer  any  new  theory  of  elevation,  nor  to  propound  any  principle 
as  involved  beyond  what  had  been  suggested  by  Babbage  and  Herschel. 
What  he  did  intend  to  imply  was  that  mountain  elevation  was  due 
to  sedimentary  accumulation  and  subsequent  continental  elevation. 
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Huiii,  coining  to  HalTs  assi.stanco,  iir^ued  that  his  views  were  largely 
in  harmony  with  thosr  previonsly  maintained  bv  masters  in  the 
science  of  geology,  do  Montlosier,  as  eurly  jv^  1S82,  having  declared 
that  the  great  mountain  chains  of  Europe  were  but  the  remains  of 
continental  elevations  which  had  been  cut  away  by  denudation,  the 
foldings  and  inversions  in  the  structure  of  mountains  being  looked 
upon  as  local  and  accidental.    # 

Joseph  Le  Conte,  in  a  later  paper,  was  inclined  to  criticise  HalFs 
theory  as  insufficient,  but  a  statement  of  his  views,  as  well  as  those  of 
Dana,  may  ])e  left  to  their  proper  place  in  chronological  succession. 

In  1859  Henry  Engelmann  accompanied, 

as  geologist,  an  expedition  commanded  by 

C'apt.  J.   H.   Simpson,   organized  for   the 

purpose  of  opening  new  wagon  routes  for 

_^^^  ^^  military  purposes  across  the  Great  Basin 

'Jf^^^  ^B  <>f     Utah.     Engelmann's     report,    accom- 

b^^  ^IHV  panied  bv  one  of  Meek's  on 

I  WM^a  E^ng^towswork    ^^e     invertebrate    fossils, 

formed  Appendixes  I  and 
K  of  the  general  report  of  the  expedition. 
Originally,  as  it  would  appear  from  the 
text,  the  manusciipt  was  accompanied  by  a 
geological  map  and  profile,  though  such  do 
not  seem  to  have  been  published.  No 
explanation  is  offered,  but  it  is  probable 
that  developments  during  the  long  interval  up  to  time  of  publica- 
tion" were  such  as  to  make  the  map  of  doubtful  value,  and  it 
was  suppressed.  Engelmann's  observations  began  with  the  country 
in  the  immediate  vicinity  of  Leavenworth.  He  noted  the  presence  of 
rocks  of  Carboniferous  and  Permo-Carboniferous  ages  along  the 
Republican  Riv(M',  and  of  Cretaceous  and  Tertiary  deposits  farther 
west.  In  the  district  leading  from  the  eastern  foothills  of  the  Rocky 
Mountains  to  the  divide  between  the  waters  of  the  Atlantic  and  Pacific 
he  thought  to  recognize  rocks  of  Silurian  and  probably  Devonian,  Car- 
boniferous, Permian,  Triassic,  Jurassic,  Cretaceous,  and  Tertiary  ages. 

^'OwinjiC  to  the  outbreak  of  the  civil  war,  the  pnbheation  of  the  report  was  delayed 
until  1876. 


Fio.  72.— Hoiiry  Engelmann. 
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CHAPTER  Yi. 

THE  ERA  OF  STATE  SURVEYS,  FOURTH  DECADE,  1860-1869. 

The  period  of  the  civil  war  might  naturally  be  expected  to  be  a 
period  of  uncertainty  and  inaction  in  matters  relating  to  the  sciences. 

In  all  the  seceding  States  work  then  in  progress  was  brought 
abruptly  to  a  close,  and  in  several  of  them — as  Missouri,  North  Caro- 
lina, and  Texas — the  records  so  far  lost  of  ruined  through  neglect  as 
to  make  them  well-nigh  valueless  for  future  reference.  Throughout 
the  North  the  results  were  comparatively  less  disastrous,  though  even 
there  work  was  in  some  instances  temporarily  discontinued,  owing  to 
the  failure  of  legislatures  to  make  the  necessary  appropriations.  In 
four  instances,  however  (California,  Indiana,  Maine,  and  New  Jersey), 
surveys  were  established  almost  in  the  midst  of  the  threatened  disaster. 

With  the  passing  of  these  years  of  turmoil,  active  work  was  begun 
once  more  in  States  where  it  had  been  but  temporarily  suspended,  and 
in  others,  new  organizations  authorized,  as  in  Kansas  in  1864,  Iowa 
and  North  Carolina  in  1866,  and  Louisiana,  Michigan,  and  Ohio  in 
1869.  A  futile  and  ill-considered  attempt  at  a  State  survey  of  Nevada 
was  also  made  in  1866  (?),  but,  fortunately  for  the  reputation  both  of 
the  science  and  the  individual,  no  one  vas  found  to  undertake  the 
work  under  the  conditions  proposed.^  W.  E.  Logan  continued  his 
work  as  provincial  geologist  of  Canada,  and  Murray  and  Richardson 
were  employed  in  Newfoundland. 

The  literature  of  the  decade  was  scarcely  as  voluminous  as  in  either 
the  preceding  or  the  one  following.  By  far  the  most  important,  when 
all  is  taken  into  consideration,  was  the  first  edition  of  Dana's  Manual 
of  Geology — a  work  of  798  pages,  which  at  once  took  its  place  as  the 
leading  authority  on  all  matters  pertaining  to  American  Geology — a 
place  which  it  has  continued  to  hold  through  all  its  four  editions  down 
to  the  present.  In  addition  to  this  may  be  mentioned  Logan's  sum- 
mation of  the  geology  of  Canada  (1863)  and  Cooke's  New  Jersey  (1868). 

This  was  largely  an  era  of  new  workers,  or,  at  least,  new  leaders. 
Eaton  was  gone;  D.  D.  Owen  died  at  its  very  beginning;  the  elder 
Hitchcock  had  largely  ceased  his  labors;  while  the  Rogers  brothers  had 
both  become  absorbed  in  the  work  of  teaching  and  administration,  and 
no  longer  took  an  active  part.     Dana  was  undoubtedly  the  leading 

«The  sum  of  $6,000  is  stated  to  have  been  appropriated,  with  the  stipulation  that 
the  survey  l>e  completed  in  eight  months. 
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figure,  while  James  Hall,  by  sheer  physical  energy,  dominated  in  mat- 
ters paleontological.  Many  new  names  and  faces  appear.  Among 
them  may  be  mentioned  those  of  T.  B.  Brooks,  E.  Billings,  Robert 
Bell,  E.  T.  Cox,  E.  D.  Cope,  F.  V.  Hayden,  C.  H.  Hitchcock,  W.  C. 
Kerr,  W.  E.  Logan,  Alexander  Murray,  J.  G.  Norwood,  Edward 
Orton,  R.  Pumpelly,  C.  Rominger,  N.  S.  Shaler,  C.  A.  White,  and 
Charles  Whittlesey. 

As  a  whole,  the  decade  was  one  of  extension  of  the  geographic 
boundaries  of  knowledge  rather  than  one  of  discovery  or  announce- 
ment of  new  principles.  Of  all  subjects,  that  of  glaciation  received, 
perhaps,  the  most  attention.  Our  line  of  separation  between  this  and 
the  decade  to  follow  must  be  quite  arbitrary,  since  several  important 
surveys  were  organized  during  1869  and  continued  well  on  into  the 
seventies. 

At  the  very  beginning  of  this  era  there  appeared  R.  Thomassy's 
Geologic  Pratique  de  la  Louisiane,  a  small  quarto  volume  of  263 
pages,  with  6  plates.  Why  the  word  ''pratique''  should  have  been 
introduced  into  the  title  it  is  hard  to  say,  a  large  pro- 
Practical  Oeotoffy  of  portion  of  the  work  being  given  up  to  geographical 
and  meteorological  or  physiographical  matters,  and  the 
really  geological  portion  limited  to  a  description  and  discussion  of  the 
lower  Mississippi,  its  delta,  and  attendant  phenomena.  Its  appearance 
seems  to  have  excited  little  interest,  not  being  even  noted  in  the 
American  Journal  of  Science,  and  the  few  original  ideas  advanced  are 
referred  to  by  Hilgard  and  other  subsequent  writers  only  to  show 
their  erroneous  nature. 

Thomassy  dwelt  in  considerable  detail  upon  the  absorption  of  the 
waters  of  the  Mississippi  by  the  porous  terranes  above  New  Orleans 
and  their  consequent  diminution  in  volume  seaward.  The  ''mud 
lumps,''  so  common  in  the  lower  reaches  of  the  river,  he  regarded  as 
due  to  mud  springs,  having  their  source  at  a  somewhat  higher  level 
on  the  land  and  opening  upward  in  the  bed  of  the  stream. 

He  considered  North  Island,  or  Petite  Anse,  as  it  is  more  commonly 
known,  as  of  volcanic  origin,  and  thought  to  have  discovered  traces 
of  the  violent  corrosive  action  of  thermal  waters  and  acids  on  the  rock 
fragments  which  he  conceived  to  have  been  ejected  from  the  depths 
of  the  (iulf  through  explosive  action.  Richard  Owen,  it  may  be  men- 
tioned, while  serving  in  the  Federal  Army  and  stationed  at  New 
Iberia,  Louisiana,  studied  these  deposits  cursorily,  and  came  to  the 
conclusion  that  the  island  wjis  not  volcanic.  On  the  contrary,  he 
thought  the  salt  was  the  product  of  evaporation  of  modern  sea  water, 
forming  lagoons  behind  protecting  ridges  under  the  influence  of  occa- 
sional high  tides.     (See  also  Ililgard's  views,  p.  561.) 

In  1859,  largely  through  the  eft'orts  of  Alexander  Winchell,  then 
professor  of  physics  and  civil  engineering  in  the  State  University, 
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Plate  24. 


Alexander  Winchell. 
Pn)fes.sor  of  Geology  and  Paleontology,  University  of  Michigan,  and  State  Geologist  of  Michigan. 


Digitized  by  VjOOQ IC 


AMERICAN  GEOLOGY DECADE  OF  186()-18()9.        505 

there  was  established  a  geological  survey  of  Michigan.     Of  this  Win- 
chell  wa8  appointed  director,  making  his  first  Report 

Wlnchell't  Work  in       .  ,^  ^^  ,     '  ^  ^^^  .      ^\  ,^ 

MictaiKan,  1859-  of  Frogress — an  octavo  volume  of  889  pages — in  1861. 
In  this  report  he  called  attention  to  the  futility  of 
efforts  then  being  made  to  produce  salt  in  the  vicinity  of  Grand 
Rapids,  and  fully  anticipated  the  development  of  the  ssime  industry  in 
the  Saginaw  Valley,  his  explorations  enabling  him  to  locate  the  salt 
beds  at  a  depth  of  650  feet.  Attention  was  given,  also,  to  the  occur- 
rence of  gypsum,  coal,  iron,  and  other  economic  products  and  to  the 
geographical  distribution  of  rocks  belonging  to  the  various  formation*^ 
throughout  the  State. 

The  so-called  Marshall  sandstone  (Lower  Carboniferous)  he  regarded 
on  paleontological  grounds  as  lying  above  the  Hamilton  group.  lie 
found  evidence  which  led  him  to  conclude  that  the  Ohio  and  Michigan 
coal  basins  were  never  continuous,  as  had  been  heretofore  asserted, 
and,  indeed,  that  the  geological  column  in  the  latter  State  had  been 
built  up  quite  distinct  and  independently  from  that  in  adjacent 
regions.  He  could  find  no  parallelism  between  the  Carboniferous 
limestones  and  those  lying  farther  to  the  west,  and  all  the  evidence 
indicated  to  him  that  these  deposits  were  laid  down  in  an  isolated 
basin  cut  off  from  that  of  Ohio  to  the  south  throughout  the  entire 
period  from  the  Helderberg  to  that  of  the  drift.  In  consequence  of 
the  outbreak  of  the  civil  war  no  appropriations  were  made  for  the 
continuation  of  the  survey  after  1861. 

Winchell  was  born  in  the  town  of  Northeast,  Duti'hess  County,  New 
York,  in  1824,  and  graduated  at  Wesleyan  University,  Middletown, 
Connecticut,  in  1847.  His  scientific  tendencies  are  said  to  have  mani- 
fested themselves  at  a  very  early  age,  although  he 
Sketch  of  winctaeu.  showed  no  marked  preference  for  any  branch  of  study, 
unless  it  was  toward  mathematics,  in  which  pursuit  he 
seems  to  have  been  little  short  of  precocious.  Immediately  after  grad- 
uating he  entered  upon  a  career  of  teaching  and  lecturing,  which  kept 
him  prominently  l)efore  the  public  for  over  forty  years. 

His  first  public  geological  lectures  were  given  at  Pennington  Semi- 
nary in  1849.  In  1850  he  assumed  charge  of  an  academy  at  Newbern, 
Alabama,  but  finding  the  conditions  were  not  what  he  had  })een  led  to 
expect,  he  resigned,  and  in  the  spring  of  1851  opened  the  Mesopota- 
mia Female  Seminary  at  Eutaw,  in  the  same  State.  Finding,  however, 
that  he  was  illy  adapted  to  the  successful  management  of  a  Southern 
female  institution,  he  gave  up  this  position  to  accept  the  presidency  of 
the  Masonic  University  at  Selma,  Alabama.  While  engaged  in  the 
work  of  presenting  the  claims  of  this  university  before  the  people  in 
the  southern  part  of  the  State,  he  made  extensive  geological  tours 
throughout  the  region  and  brought  together  large  collections  in  natuml 
history.     In  November,  1858,  he  was  elected  to  the  chair  of  physics 
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and  civil  engineering  in  the  University  of  Michigan,  at  Ann  Arbor,  and 
entered  upon  his  duties  in  January,  1854. 

In  1859  he  was  commissioned  by  Governor  Moses  Wisner,  of  Mich- 
igan, as  Stat«  geologist,  as  above  noted,  holding  the  position  for  two 
years,  when  the  survey  was  abolished  through  failure  on  the  part  of 
the  legislature  to  make  proper  provisions  for  its  continuance.  He 
issued  while  holding  this  office  one  Report  of  Progress,  an  octavo  vol- 
ume of  339  pages,  published  in  August,  1861.  In  1869  the  survey  was 
reorganized  and  Winchell  again  appointed  director,  he  assuming  for 
himself  the  personal  investigation  of  the  lower  peninsula.  His  report, 
a  small  octavo  volume  of  64  pages,  appeared  in  1871,  the  previous 
report  on  the  Grand  Traverse  region,  a  work  of  97  octavo  pages,  hav- 
ing appeared  in  1866. 

Owing  to  hostility  over  the  management  of  the  survey,  which  had 
been  aroused  in  the  legislature  by  personal  enemies  of  Winchell,  it 
appeared  likely  that  the  appropriations  for  carrying  on  the  survey 
would  fail.     Hence  he  resigned  the  position  in  1871. 

In  1873  Winchell  resigned  also  his  professorship  at  the  University 
of  Michigan,  accepting  the  position  of  chancellor  of  Symcuse  Univer- 
sity, which  he  held,  however,  only  until  June,  1875.  In  this  latter 
year  he  was  offered  the  professorship  of  geology,  zoology,  and  botany 
in  Vanderbilt  University,  at  Nashville,  Tennessee,  but  did  not  see  fit 
to  accept,  although  he  did  subsequently  fill  a  three  months'  engage- 
ment there.  In  May,  1878,  he  took  final  leave  of  the  university,  and  the 
chair  was  abolished,  owing  to  some  foolish  differences  of  opinion  that 
had  arisen  between  himself  and  Bishop  McTyeire,  who  took  exception 
to  WinchelPs  stand  in  reference  to  pre- Adamites  and  evolution. 

In  June,  1879,  Winchell  was.  again  called  to  Ann  Arbor,  being 
offered  the  chair  of  geology  and  paleontology  in  the  State  University. 
This  position  he  accepted  and  continued  to  hold  until  the  time  of  his 
death.  In  March,  1887,  he  was  offered  the  position  of  State  geologist 
of  Arkansas,  but  refused. 

WinchelFs  work  as  a  geologist,  as  may  be  readily  imagined  from 
this  sketch,  was  of  a  more  or  less  fragmentary  nature,  and  it  is  as  a 
teacher,  public  lecturer,  and  writer  on  scientific  subjects  that  he  is 
best  known.  The  advanced  stand  which  he  took  regarding  evolution 
brought  him  in  conflict  with  the  religious  element,  particularly  at 
Vanderbilt  University,  as  already  referred  to. 

Winchell  was  for  a  time  connected  with  the  Minnesota  geological 
survey.  He  was  one  of  the  original  promoters  of  the  American 
Geologist  and  the  Geological  Society  of  America.  As  stated  by  his 
biographer: 

His  largest  educational  field,  however,  was  the  public  platform.  Here  he  was 
under  no  constraint  by  reason  of  youthful  auditors.  No  limits  were  set  to  his  rhap- 
sodic scientific  eloquence;  no  ct)urteou8  regard  for  the  amenities  of  possible  profes- 
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sorial  etiquette  hampered  the  free  flow  of  hie  criticism,  or  the  exultant  prophecy  of 
the  betterment^!  of  the  future.  «  *  *  Himself  a  working  geologist  in  the  field, 
he  was  well  ac4|uainte<l  with  geological  methods.  A  teaching  geologist  in  the  uni- 
versity, he  was  skillful  in  imparting  his  own  knowledge  and  in  training  others  to 
habits  of  observation  and  investigation. 

As  a  writer  of  books  Winchell  will  be  remembered  for  his  Sketches 
of  Creation,  1870;  the  Doctrine  of  Evolution,  1874;  Prc-Adamites, 
1880;  Sparks  from  a  Geologist's  Hammer,  1881;  World  Life,  1883, 
and  his  text-hook,  Elements  of  Geology,  1886.  Of  these  his  work  on 
World  Life  is  undoubtedly  the  one  showing  the  greatest  amount  of 
research  and  thought,  and  was  at  that  time  probabh'  the  only  one  in 
the  English  language  covering  in  a  systematic  manner  the  entire  field 
of  world  history. 

In  1859  D.  D.  Owen  had,  for  the  secx)nd  time,  accepted  an  appoint- 
ment as  State  geologist  of  Indiana,  but  with  the  stipulation  that,  until 
his  sui^veys  in  Arkansas  and  Kentucky,  upon  which  he  was  then  engaged, 
were  completed,  most  of  the  field  work  should  be  per- 

Work  of  D.  D.  and        .  i    i       i  .     i  i         ^.   i         i        /-w     .  i 

Riciuird  Owen  in       Tormed  bv  01S  brother  Kichard.     Owme,  however,  to 

Indiana,  1859-1862.    _^^  ^  ,     i      .i    .     ^  ^  »^      ,  i     ^  ,,      .     ,, 

Doctor  Owen  s  death  in  18b0,  the  work  fell  wholly  upon 
the  brother,  who  succeeded  him  in  the  office  of  State  geologist. 

The  results  of  the  surve^^^are  comprised  in  an  octavo  volume  of  364 
pages,  issued  in  18()2.  Like  other  of  this  author's  writings,  it  is  prolix 
and  uninteresting,  differing  in  this  respect  in  a  marked  degree  from 
those  of  David  Dale. 

The  importance  of  fossils  wiis  recognized,  and  it  was  set  down  as  an 
"'  unquestioned  truth  that  a  certain  vertical  range  or  ascertained  thick- 
ness of  fossiliferous  rock  is  characterized  by  the  organic  remains  of 
plants  and  animals,  differing  more  or  less  from  the  plants  and  animals  in 
the  rocks  above  as  well  as  those  in  the  rocks  below  the  given  layers  or 
strnta."  The  rocks  of  the  State  were  all  clasvsified  under:  (1)  Lower 
Silurian;  (2)  Upper  Silurian;  (3)  Devonian;  (-1)  Subcar1>oniferous; 
(5)  C.oal  Measures,  and  (6)  the  Drift  or  Quaternary.  Some  25  pages 
were  given  up  to  soil  analyses  by  Robert  Peter,  and  70  to  a  report  on 
the  Distribution  of  the  Geological  Strata  in  the  Coal  Measures  of  the 
State,  by  Leo  Lesquereux 

No  maps  or  sections  accompanied  the  report,  which,  as  a  whole,  is 
singularly  lacking  in  interesting  or  instructive  matter.  J.  Lesley 
served  as  topographer. 

With  the  outbreak  of  the  civil  war  Owen  resigned  to  take  command 
of  a  company  of  volunteers,  and  this,  the  third  attempt  at  a  geological 
survey  of  Indiana,  came  to  an  end. 

Prevailing  ideas  regarding  conditions  of  sedimentation  have  been  fre- 
quently referred  to  in  these  pages,  but  with  more  particular  reference  to 
the  position  of  the  sea  floor — whether  inclined  or  horizontal — upon  which 
the  sedimentarx'  beds  were  deposited.  A  new  phase  of  the  question 
was  brought  to  light  during  a  discussion  between  Wt^^S^  .^kigo^J^^d^ 
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Louis  Agassiz  at  the  meeting  of  the  Boston  Society  of  Natural  History? 
March  21,  1860. 

Rogers  argued  that  the  strata  between  Lake  Ontario  and  the  Penn- 
sylvania coal  region  were  deposited  on  gradually  subsiding  sea  bot- 
ideos  of  Rosen  and  ^^"i"*-  f^"  this  supposition  Only  could  he  account  for 
suMdenceand  ^^^  relative  position  of  the  beds  and  their  ver}^  great 
Deposition,  I860.  thickness.  Had  they  been  formed  as  argued  by  some 
on  a  gradually  rising  sea  bottom,  the  older  deposits  would  crop  out 
at  the  higher  lev^els  and  the  successively  later  ones  at  lower  levels. 
Agassiz,  on  the  other  hand,  maintained  that  there  was  no  subsidence 
during  the  deposition  of  the  New  York  strata,  and  that  the  facts  indi- 
cated just  the  reverse,  i.  e.,  an  upheaval.  During  the  upheaval,  he 
argued,  the  level  of  the  sea  might  be  actually  less,  from  the  contraction 
of  the  earth  while  cooling,  but  in  consequence  of  this  contraction  the 
ocean  would  always  remain  at  a  certain  depth,  sufficient  for  the  depo- 
sition of  the  thousands  of  feet  of  strntti.  The  study  of  the  fossils  he 
argued  was  also  opposed  to  the  theory  of  subsidence  and  denudation, 
since  those  of  the  Primary  were  never  found  carried  into  the  Secondary 
beds. 

At  the  April  4  meeting  the  discussion  was  resumed,  when  Rogers 
took  the  ground  that  an  assumption  of  an  upward  movement  of  the  sea 
bottom  carried  with  it  the  admission  of  an  original  depth  so  enormous 
as  to  be  incompatible  with  the  accumulation  of  the  material  of  the 
earlier  strata,  unless,  indeed,  the  strat^i  were  supposed  to  be  formed 
exclusively  within  a  moderate  distance  of  the  shore. 

We  might  imagine  a  neries  of  strata  to  be  suocet^sively  laid  down  in  a  gentle  slope 
approximately  2)arallel  U)  that  of  the  ancient  sea  bottom,  each  terminating  against 
this  surface  without  l)eing  continued  into  the  profounfler  depths  beyond,  and  we 
might  suppose  the  floor  to  1h^  rising  in  the  rcgicm  o(  this  accumulation  at  such  a  rate 
as  to  bring  successive  tracts,  farther  and  farther  from  the  ancient  shore  line,  within 
limits  of  depth  admitting  of  mechanical  antl  organic  deposition;  but  in  such  circum- 
stances of  formation  these  earlier  strata,  instead  of  extending,  as  they  are  believed  to 
do,  almost  continuously  over  the  whole  ocean  floor,  would  be  seen  to  determinate  at 
no  great  distance  from  the  original  shore  line,  but  abutting  against  the  bottom  at  the 
places  where  the  depth  had  set  a  limit  to  their  accumulation. 

No  hypothesis  of  a  secular  rising  of  the  sea  )>ottom,  he  therefore 
argued,  could  explain  the  formation  of  the  Appalachian  Paleozoic 
deposit.  They  indicattnl,  rather,  a  long  period  of  subsidence  of  the 
ocean  tloor,  varied  by  many  and  long  pauses  of  upward  oscillations. 

Agassiz,  in  reply,  admitted  the  probable  shallowness  of  the  ocean  in 
which  the  strata  were  deposited,  and  that  during  a  local  upheaval  of 
the  shore,  the  whole  sea  bottom  was  probably  subsiding,  the  subsidence 
being  due  to  shrinkage,  caused  by  the  cooling  of  the  earth\s  crust. 
This  view  was  accepted  by  Rogers  as  amounting  to  a  virtual  disclaim- 
ing of  the  theory  as  advanced. 

The  removal  of  B.  F.  Shumard  as  State  geologist  of  Texas  in  1860, 
as  noted  on  page4S7,  was  immediately  followed  by  the  appointment  of 
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hi.s  successor,  Dr.  Francis  Moore,  "an  honorable  and  cultured  gentle- 
man of  much  executive  ability/'  a  one-time  newspaper 

Work  of  Moore  and         j.^         ,      ,  -  i_     i  j  i       -x,. 

Buckley  in  Texas.  .  editor,  but,  SO  far  as  can  be  learned,  never  a  geologist.^ 
In  April,  1861,  the  survey  was,  however,  suspended 
by  an  act  of  the  legislature,  and  both  Shumard  and  Moore  requested 
to  report  on  what  had  been  accomplished.  With  this  request  neither 
party  complied,  Shumard  going  immediately  to  St.  Louis,  where  he 
died  in  1869,  and  Doctor  Moore  leaving  for  the  north  on  the  outbreak 
of  the  civil  war,  where  he,  too,  died  in  18(54. 

The  notes  of  these  short-lived  organizations  seem  to  have,  in  part 
at  least,  passed  into  the  hands  of  S.  B.  Buckley,  a  botanical  collector 
under  the  Shumard  regime,  who  returned  to  Austin  after  the  close  of 
the  war  and  succeeded  in  having  himself  appointed  State  geologist. 
In  this  capacity  he  issued  one  report,  bearing  date  of  1866,  and  com- 
prising some  80  octavo  pages,  dealing  with  generalities  and  matters 
pertaining  to  the  agricultural  resources  of  the  State,  but  containing 
little  or  nothing  of  geological  value  and  but  few  references  to  what 
had  been  done  by  his  predecessors.  Buckley's  period  of  rule  was  short, 
coming  to  an  end  in  1867. 

No  attempt  at  resuscitation  was  made  until  1870,  when  the  governor, 
under  authority  from  the  legislature,  appointed  John  W.  Glenn  State 
geologist.  Glenn,  however,  found  the  position  uncongenial  and 
J.  w.  Glenn  resigned  the  following  year,  to  be  succeeded  in  1874 

^Sk^^olxlLui,  by  Buckley  once  more.  The  latter  held  the  office  but 
'^^®*  two  years,  when  the  governor,  becoming  convinced 

(truthfully,  it  is  to  be  feared)  that  the  survey  promised  to  be  of  no 
practical  benefit  to  the  State,  vetoc^d  the  bill  appropriating  moneys 
for  its  continuation. 

During  this  second  term  of  office  Buckley  issued  two  reports,  under 
dates  of  1874  and  1876,  respiH^tively,  comprising  altogether  some  220 
pages.  The  first  contained  a  brief  history  of  the  past  surveys  of  the 
State  and  a  somewhat  partisan  account  of  an  unhappy  disagreement 

«ArHTiN,  Xoremf>er  12^  1860. 

Mv  DEAR  M. :  Your  kimi  letter  reached  Austin  during  my  absence  from  home,  and 
I  thank  you  for  your  friendly  words.  I  returned  yesterday  from  the  Indian  country', 
and  only  then  found  I  had  In^en  Huperseded  by  Doctor  Moore  in  the  office  I  held. 
Houston  hafl  not  even  intimated  to  me  that  he  intended  my  removal.  So  far  as  1 
can  leani.  the  action  of  the  governor  has  caus(»<l  universal  dissatisfaction.  I  am  not 
even  permitted  to  make  out  my  own  rejiorts  of  more  than  two  years'  hard  labor.  I 
understand  that  my  removal  has  l)een  brought  alK)ut  mainly  through  testimonials 
furnished  Moore  by  H.  and  H. 

If  J  had  had  timely  notice,  so  that  I  could  have  written  my  rej)ort,  1  should  not 
have  cared  so  much,  but  to  be  deprived  of  that  i)rivilege  is  doing  me  great  injustice. 

I  have  not  made  any  plans  for  the  future.  When  I  have  a  little  more  leisure  I 
will  write  you  again,  anrl  then  may  furnish  you  with  some  geology  that  may  inter- 
est you. 

In  haste,  your  friend, 
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which  existed  between  Shumard  and  himself.  Both  the  statements 
made  and  the  manner  in  which  they  are  presented  are  such  as  to  prej- 
udice the  unbiased  reader  against  Mr.  Buckley,  and  this  in  particular 
when  one  reflects  that  there  was  no  apparent  occasion  for  the  publica- 
tion in  an  official  report  of  matters  of  this  nature.  Buckley  was 
replied  to  vigorously  by  A.  R.  Roessler,  who  had  also  been  one  of 
Shumard's  assistants. 

The  main  portion  of  both  reports  was  given  up  to  a  discussion  of 
economic  problems,  and  little  that  was  new  geologically  appeared. 
He  noted  the  eruptive  nature  of  Pilot  Knob,  but  was  unable  to  deter- 
mine whether  the  period  of  eruption  antedated  the  Cretaceous  or  not. 
Much  space  was  devoted  to  a  discussion  of  soils  and  crops,  together 
with  notes  on  the  fauna  and  flora. 

In  his  report  on  the  geology  of  Massachusetts  (1838),  and  again  in 
1835  and  1841,  Dr.  Edward  Hitchcock  called  attention  to  the  flattening 
and  distortion  of  pebbles  in  a  conglomerate  near  Newport,  Rhode  Island, 
Hitchcock's viewson  ^^  already  noted.  As  time  went  on  the  importance 
of  Con^mmt^  ^^  ^^®  subject,  particularly  in  the  light  of  subsequent 
•®^^-  discoveries,  seems  to  have  grown  upon  him,  and  in  a 

paper  in  the  American  Journal  of  Science  for  1861,  and  in  his  reports 
on  the  geology  of  Vermont  for  that  same  year,  the  ground  is  gone  over 
in  great  detail  and  his  gradually  expanding  views  fully  elaborated. 

In  his  report  of  1833  the  conglomerates  were  described  as  composed 
of  elongated  rounded  nodules  of  quartz  rock  passing  into  mica  slate, 
with  a  cement  of  talcose  slate,  all  with  their  longest  diameters  uni- 
formly parallel,  the  entire  mass,  pebbles  and  all,  being  divided  by 
fissures  as  perfect  as  if  '*cut  through  by  the  sword  of  some  Titan." 
Latin*,  while  engaged  in  the  work  of  the  Vermont  survey,  he  found 
analogous  conglomerates  along  nearly  the  whole  western  side  of  the 
Green  Mountains,  and  in  1859,  in  companj'  with  his  son,  C.  H.  Hitch- 
cock, he  again  visited  the  Newport  locality  in  search  of  facts  to  aid 
him  in  solving  the  Vermont  problem.  His  results  were  given  before 
the  American  Association  for  the  Advancement  of  Science  that  same 
year,  and  the  subject  again  brought  before  the  Association  by  C.  H. 
Hitchcock  in  1860. 

The  facts  brought  out  and  presented  showed  the  pebbles  to  be  (1) 
much  elongated  in  the  direction  of  the  strike  of  the  beds;  (2)  that, 
while  flattened,  this  feature  was  not  so  striking  as  their  elongation; 

(3)  that  they  were  often  indented  by  one  being  pressed  into  another; 

(4)  that  they  were  often  bent,  sometimes  in  two  directions;  and  (5) 
that  they  were  cut  across  by  parallel  joints,  or  fissures,  at  iatervals 
of  from  a  few  inches  to  many  feet.  These  facts  led  him  to  conclude 
that  (1)  the  rock  had  once  been  a  conglomerate  of  the  usual  character, 
and  had  undergone  a  metamorphosis  whereby  the  cementing  material 
had  become  crystalline  and  schistose  and  the  pebbles  elongated,  and 
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(2)  the  pebbles  themselves  had  been  in  a  more  or  less  plastic  state; 
otherwise  any  attempt  at  change  in  form  would  result  only  in  f i-ao- 
ture  and  comminution.  The  clean  manner  in  which  the  pebbles  were 
cut  by  joints  was  thought  also  to  indicate  a  condition  of  plasticity. 
The  flattening  and  distorting  force  was  thought  to  have  operated  later- 
ally, and  the  jointing  regarded  as  due  to  some  polarizing  force  acting 
upon  soft  materials,  a  simple  inspection  of  the  rock  in  place  being  suf- 
ficient to  satisfy  anyone  that  no  mechanical  agency  would  alone  be 
sufficient  to  produce  the  phenomena.  Applying  the  same  method  of 
reasoning  to  the  conglomerates  of  Vermont,  he  came  to  the  conclusion 
that  these,  too,  had  undergone  metamorphism,  giving  rise  to  schists 
and  gneiss,  and  that,  indeed,  granites  and  syenites  might  result  from 
the  metamorphism  of  stratified  rocks.  The  chemical  details  as  worked 
out  w^ould  naturally  not  hold  in  their  entirety  to-day,  and  of  course 
the  idea  of  a  polarizing  force  would  be  no  longer  seriously  considered; 
but  the  fact  remains  that  this  paper,  as  a 
whole,  marks  a  long  stride  in  advance  along 
the  line  of  metamoi-phism,  and  for  its  time 
was  comparable  in  its  importance  with  the 
later  work  of  Lehmann  on  the  crystalline 
schists  of  Saxony." 

By  an  act  of  the  legislature  approved 
March  16,  1861,  Ezekiel  Holmes,  of  Win- 
throp,  Maine,  was  commissioned,  under  the 
direction  of  the  board  of  agriculture,  t^) 
make  a  scientific  survey  of 
the  State.  C.  11.  Hitch- 
cock, then  of  Amherst,  Mas- 
sachusetts, and  a  son  of  Dr.  Edward  Hitch- 
cock, was  commissioned  geologist,  while 
George  L.  Goodale  served  as  botanist  and  chemist,  C.  Houghton  as 
mineralogist,  A.  S.  Packard,  jr.,  as  entomologist,  and  C.  B.  Fuller 
as  marine  zoologist.  Others,  including  G.  L.  Vose  and  Dr.  N.  T.  True, 
rendered  assistance  at  various  times. 

Two  brief  seasons  were  devoted  to  field  work,  the  results  of  which 
appeared  in  the  reports  of  the  board  of  agriculture  for  1861-62,  the 
strictly  geological  portions  being  limited  to  some  six  hundred  and  odd 
pages.  The  work  done  under  these  conditions  was  necessarily  some- 
what disconnected.     Northern  Maine  was  still  practically  a  wilderness; 

'*  The  subject  waa  in  1868  again  taken  up  by  Prof.  G.  L.  Vose,  whose  conclusions, 
based  on  a  study  of  conglomerates  in  the  vicinity  of  the  Rangeley  Lakes,  were  largely 
confirmatory  of  those  of  the  Hitchcocks.  He  was  not,  however,  disposed  to  regard 
the  pebbles  as  having  been  in  a  plastic  state,  but  contended  that  under  the  forces 
that  had  then^  prevailed  rigid  pebbles  might  W.  l)ent  and  flattened  in  the  manner 
described.  ^^  , 
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there  were  no  maps  and  absolutely  no  railroads.  A  geological  map  in 
black  and  white  was,  however,  prepared  of  the  region  north  of  Calais 
and  the  45th  parallel,  and  also  one  of  the  eastern  portion  of  the  Stat^ 
included  between  St.  George  and  Belfast. 

The  fossiliferous  rocks  were  noted  as  mostly  Paleozoic  and  probably 
all  lying  below  the  Carboniferous  series.  The  red  sandstone  of  Perry, 
the  problematic  horizon  of  which  had  been  discussed  by  Jackson  and 
others,  as  previously  noted  in  these  pages,  was  regarded  as  '"indis- 
putably Devonian,''  this  statement  being  based  upon  expressed  opin- 
ions of  Jackson,  Rogers,  Newberry,  and  Dawson.  It  was  noted  that 
the  fossiliferous  marine  clays,  which  were  regarded  as  of  the  same  age 
as  the  similar  deposits  along  the  St.  Lawrence  and  the  Champlain  val- 
leys and  referable  to  the  Terrace  period,  sometimes  underlay  a  coarse 
deposit  referable  to  the  unmodified  drift.  Without  committing  him- 
self definitely  on  this  point,  Hitchcock  suggested  the  possibility,  there- 
fore, of  a  recurrence  of  the  drift  agencies — that  is,  a  period  of  second 
drift.  This,  so  far  as  the  present  writer  has  information,  is  the  first 
suggestion  by  an  American  of  such  a  possibility.  It  seems,  however, 
to  have  been  quite  lost  sight  of.  (See  also  remarks  of  £dward  Hitch- 
cock, p.  4:&2.) 

The  drift  period  itself,  according  to  Hitchcock's  view,  was  inaugu- 
rated by  depression  of  this  portion  of  the  continent  amounting  to  at 
least  5,000  feet  below  that  of  to-day.  Subsecjuently  the  continent  rose 
again  gmdually  to  its  present  altitude.  It  was  during  this  period  of 
depression  and  elevation  that  the  drift  deposits  were  formed  through 
the  conjoined  agency  of  icebergs  and  glaciers.  The  various  forms  of 
liiodified  drift  he  thought  to  have  been  produced  largely  by  the  aid  of 
rivers  and  moving  currents  of  water.  These  views  were  those  very 
generally  held  at  that  date,  though,  naturally,  they  have  been  some- 
what modified  since. 

The  quartz  rock  in  the  vicinity  of  Rockland,  Thomaston,  and  Cam- 
den was  regarded  as  belonging  to  the  Taconic  period  of  Emmons,  and 
the  associated  limestones  were  looked  upon  as  contemporaneous  with 
the  Stockbridge  limestones  of  Emmons  or,  what  is  the  same  thing,  the 
^?Colian  limestones  of  the  elder  Hitchcock. 

Dr.  J.  S.  Newberry,  in  Notes  on  the  Surface  Geology  of  the  Basin 
of  the  Great  Lakes,  after  a  review  of  the  surface  conditions  as  he  saw 
them,  came  to  the  conclusion  that  at  a  period  corresponding  in  cli- 
mate, if  not  in  time,  with  the  Glacial  epoch  of  the  Old 
on^ta32tion!l^62.  ^^"oHd,  the  lake  region  in  common  with  all  the  north- 
ern portion  of  the  American  Continent  was  raised 
several  thousand  feet  above  the  level  of  the  sea.  This  was  the  ''gla- 
cial period,-'  during  which  the  surface  of  the  country  was  planed 
down  and  the  deep  fiords  along  the  Atlantic  coast  formed.  This  was 
followed  by  a  period  of  depression,  when  all  the  basin  of  tlie  Great 
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Lakes  was  flooded  with  fresh  water,  forming  a  vast  inland  sea,  in 
which  the  laminated  blue  clays,  the  "oldest  of  our  drift  deposits," 
were  precipitated.  Subsequent  to  this  deposit  of  blue  clays  ''an 
immense  quantity  of  gravel  and  bowlders  was  transported  from  the 
region  north  of  the  Great  Lakes  and  scattered  over  a  wide  area  south  of 
them."  This  was  due  to  floating  ice  and  icebergs.  The  lake  ridges 
(ancient  beaches),  described  by  Whittlesey,  Newberry  regarded  as 
evidence  that  the  water  of  the  lakes  remained  for  considerable  inter- 
vals much  higher  than  at  present.  These  are  practically  the  same 
views  announced  before  the  New  York  Lyceum  in  1870  (p.  545). 

In  May,  1862,  J.  P.  Lesley  read  a  paper  before  the  American  Philo- 
sophical Society  describing  the  structure  of  the  Allegheny  Mountains, 
in  which  he  assumed  that  the  rocks  of  the  Blue  Ridge  Range,  on  the 
eastern  side  of  the  valley,  were  a  prolongation  of  the 
sSrctJi^fiaSS!*'''  Green  Mountains  of  Vermont,  and  consisted,  therefore, 
of  the  Quebec  group,  or  Taconic  System.  In  this  he 
followed  the  Rogers  Brothers,  as  he  acknowledged.  He  accounted 
for  the  change  in  the  drainage,  as  exhibited  by  the  New  River,  which 
breaks  into  the  Appalachians,  as  due  to  a  structural  change  in  the 
geology,  most  of  the  mountain  valleys  north  of  this  being  unbroken 
anticlines  and  synclines,  while  most  of  those  south  of  it  are  monoclines 
bounded  by  immense  faults  or  downthrows.  The  Appalachians  of 
southern  Virginia  and  eastern  Tennessee  are  grouped  in  pairs  by  faults, 
the  fracturing  being  in  parallel  strips  from  5  to  6  miles  wide,  each 
strip  being  tilted  easterly  so  that  the  upper  edge  of  one  strip,  with  its 
Carboniferous  rocks,  abuts  against  the  bottom  or  Lower  Silurian  edge 
of  the  strip  next  to  it.  The  Paleozoic  zone,  therefore,  included 
between  the  Great  Valley  and  the  backbone  escarpment,  is  occupied 
by  as  many  pairs  of  parallel  mountains  as  there  are  parallel  faults,  and 
as  these  faults  lie  in  straight  lines  at  nearly  equal  distances  from  one 
another  the  mountain  ranges  run  with  great  uniformity  side  by  side 
for  100  or  200  miles  until  cut  off  by  cross  faults,  or  by  change  in  the 
courses  of  the  principal  faults. 

In  a  paper  before  the  American  Philosophical  Society  the  year  fol- 
lowing on  a  "remarkable  coal  mine  or  asphalt  vein  in 
iid'Jt^.'^ysSS"**  ^he  Coal  Measures  of  Wood  County,  (West)  Virginia," 
Lesley  was  led  into  a  discussion  of  uplift  and  erosion, 
and  expressed  sundry  ideas  worthy  of  note. 

Assuming  that  the  valley  cutting  through  this  mine  was  one  of  ero- 
sion and  had  been  carved  out  since  the  vein  was  filled,  Lesley  speculated 
on  the  time  and  causes  of  erosion  and  incidentally  on  the  character  of 
the  original  uplift.  *  He  rejected  the  idea  of  cataclysmic  erosion  dating 
back  to  the  time  of  the  uplift,  as  he  did  also  that  of  the  secularists, 
who  regard  the  present  face  of  the  country  as  but  the  latest  phase  of 
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an  infinite  series  of  oceanic  degradations,  beginning  with  the  uplift  and 
still  in  progress.  Instead,  he  adopted  the  supposition  of  a  succession 
of  denuding  actions  of  unknown  force  and  indefinite  number.  "A 
homogeneous  element  with  suflBcient  force,  acting  either  by  one  or  by 
repeated  blows,"  would  bring  about  the  present  condition  of  affairs. 

Noone  will  deny  that  water,  if  obtained  in  sufficient  quantity  at  a  sufficient  veloc- 
ity, would  be  such  an  agent.  In  the  acknowledged  instability  of  the  crust  of  the 
earth,  in  its  acknowledged  less  stability  in  ancient  times  than  now,  we  find  the  pos- 
sibility, nay,  we  feel  the  certainty,  that  the  oceans  have  at  times  been  launched 
across  the  continents,  and  we  need  nothing  more  to  satisfy  all  the  conditions  for  an 
explanation  of  Appalachian  topography. 

One  great  obstacle,  Lesley  thought,  in  the  way  of  topographical 
science  among  geologists — 

has  been  an  innocent  ignorance  of  the  titanic  postulates  upon  the  ground,  and  there- 
fore an  inability  to  reconstruct  in  imagination  the  awful  vaults  of  rock  which  have 
been  removed  from  over  at  least  50,000  square  miles  of  the  surface  of  the  United 
States  merely  along  the  one  belt  of  the  Appalachian  Mountains,  between  the  coal 
area  and  the  Blue  Ridge  range. 

However  this  may  have  been,  Lesley  himself  could  not  be  accused 
of  any  such  innocent  ignorance  and  consequent  impotency  of  imagina- 
tion. Thus,  when  speculating  on  the  character  of  the  folds  of  the 
Appalachians,  as  controlled  by  the  roughness  of  the  old  surface  of  the 
more  or  less  disturbed  and  eroded  sedimentaries  and  the  thinness  of 
the  newer  formations,  whereby  there  was  a  tendency  for  more  or  less 
hitch  and  catch  below  and  crack  and  shove  above,  he  showed  that  such 
features  were  here  reduced  to  a  minimum,  and  hence  probably  the  high 
anticlines  wereiinbroken  at  the  crest. 

As  a  whole,  the  plicating  energy  must  have  acted  with  a  steady  evenness  of  thrust, 
which  carried  up  the  anticlinal  waves  of  the  crust  unbroken,  and  in  some  cases  to  a 
height  of  between  5  and  10  miles  above  the  present  surface  level. 

Truly  a  strange  admixture  of  views.  As  a  modern  catastrophist  he 
was  equaled  only  by  Clarence  King. 

It  was  the  opinion  of  Rogers,  it  will  be  remembered,  that  the  great 
amount  of  erosion  which  had  manifestly  taken  place  in  the  Pennsyl- 
vania Appalachians  was  cataclysmic,  the  consequence  of  a  great  rush 
of  waters  or  body  of  water  over  the  face  of  the  continent  at  the  time 
when  the  coal  era  was  about  to  be  terminated  by  the  upheaval  of  the 
whole  Appalachian  belt  of  earth  crust,  when  it  was  thrown  into  waves 
or  folds.  Lesley  at  first  accepted  this  view  and  even  as  late  as  1864 
confessed  himself  as  not  entirely  convinced  that  such  a  cataclysm  was 
not  necessary  in  order  "to  explain  the  earlier  and  perhaps  the  larger 
part  of  the  whole  phenomenon."  He  did  not,  however,  accept  Rogers's 
*' pulsating  planetary  lava- nucleus"  theory  to  account  for  the  primary 
origin  of  the  range,  but  felt  that  the  force  of  lateral  thrust  caused  by 
shrinkage  from  a  cooling  globe  better  accounted  for  the  surface  convo- 
lutions as  he  saw  them.  >^  j 
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In  1860  J.  D.  Whitney  was  appointed  State  geologist  of  California 
and  served  until  1874,  when  the  survey  was  discontinued.  According 
to  the  original  act,  he  was  required  to  make  an  accurate  and  complete 
geological  survey  of  the  State  and  to  furnish  a  report 
Survey  of  CaHioniia,  containing  a  full  scientific  description  of  its  rocks,  fos- 
sils, soils,  and  minerals,  and  of  its  botanical  and  zoo- 
logical productions.  W.  H.  Brewer  was  principal  assistant  in  botany 
and  agricultural  geolog3%  William  Ashburner  in  mining,  and  W.  M. 
Gabb,  paleontologist.  Clarence  King  also  rendered  assistance  in  a 
volunteer  capacity. 

The  results  of  this  survey  are  embodied  in  three  volumes  on  geology 
and  paleontology  published  by  the  State  and  two  volumes  on  the  aurif- 
erous gravels,  published  by  the  Museum  of  Comparative  Zoology  at 
Harvard  after  Whitney's  retirement.  It  was  announced  in  the  state- 
ment of  progress  for  1872-73  that  a  geological  map  of  the  whole  State 
had  been  colored,  but  it  seems  never  to  have  been  published. 

The  first  volume  of  Whitney's  report  of  progress  and  a  synopsis  of 
field  work  from  1860  to  1864  appeared  in  1865.  This  comprised  a 
small  quarto  volume  of  498  pages.  The  volume  contained  a  great 
amount  of  descriptive  matter  relating  to  the  areal  geology  of  various 
parts  of  the  State,  particularly  of  the  Coast  Ranges  and  Sierm 
Nevada,  with  a  chapter  on  the  mining  regions. 

Whitney  decided,  from  the  discovery  of  a  single  shell  in  the  rocks 
of  Alcatraz  Island,  that  the  so-called  San  Francisco  sandstone  was  of 
undoubted  Cretaceous  age.  The  serpentines  of  Mount  Diablo  and  the 
San  Francisco  peninsula  he  considered  as  metamorphic  sediments 
(sandstone) — a  mistake  which  was  later  repeated  by  Becker  in  his 
volume  on  the  quicksilver  deposits  of  the  Pacific  slope. 

Whitney  was  decidedly  pessimistic  regarding  the  probability  of  the 
occurrence  of  petroleum  on  the  Pacific  coast,  and  unhesitatingly  dis- 
couraged the  promoting  of  enterprises  of  this  nature.  With  reference 
to  the  region  south  of  the  Bay  of  Monterey,  he  wrote: 

As  the  bituminous  shales  are  everywhere  turned  up  on  edge  and  have  no  cover  of 
impervious  rock,  the  inference  is  unavoidable  that  flowing  wells,  or  at  Idast  those 
delivering  any  considerable  quantity  of  liquid  petroleum,  can  not  be  expected  to  be 
got  by  boring  to  any  depth.     The  probabilities,  at  least,  are  against  it. 

When  one  reflects  that  the  output  of  the  California  fields  in  1891) 
amounted  to  2,677,875  barrels,  he  is  led  to  question  the  infallibility  of 
Whitney's  judgment  in  these  matters. 

Whitney  considered  all  those  chains  or  ranges  of  mountains  in  Cali- 
fornia to  belong  to  the  Coast  Ranges  which  had  been  uplifted  since 
the  deposition  of  the  Cretaceous  formation;  those  which  were  elevated 
l>efore  the  Cretaceous  as  belonging  to  the  Sierra  Nevada.  The  slates 
of  the  western  slope  in  Mariposa  C'ounty  were  regarded  as  of  Jurassic 
age,  and  the  Calcareous  slates  of  Plumas  County  as  belonging  ^to  th< 
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Triassic.  The  limestones  in  the  Gray  Mountains  had  been  referred  by 
Doctor  Trask  to  the  Carboniferous  formation.  With  this  reference 
Whitney  agreed. 

The  peculiar  dome-shaped  concentric  structure  of  the  granite  in  the 
Sieri*as  was  dwelt  upon  with  considerable  detail,  and  the  curved  struc- 
ture of  the  sheets  regarded  as  having  been  produced  by  the  contrac- 
tion of  the  material  while  cooling  or  solidifying.  The  Yosemite 
Valley  itself  he  thought  to  be  due  to  a  differential  movement,  the  half 
dome  seeming  beyond  a  doubt  to  have  been  split  asunder  in  the 
middle,  one-half  having  gone  down  in  what  he  calls  ^'  the  wreck  of 
matter  and  the  crush  of  worlds."  In  other  words,  he  regarded  the 
valley  as  due  to  the  downward  drop  of  an  enormous  fault  block. « 

The  first  volume  of  the  paleontological  reports  appeared  in  1864. 
This  comprised  243  pages,  with  32  full-page  plates  of  fossils,  the  Car- 
boniferous and  Jurassic  being  described  by  F.  B.  Meek,  and  the 
Cretaceous  and  Triassic  by  W.  M.  Gabb.  Concerning  the  work  thus 
far  done,  Whitney  wrote:* 

Perhaps  the  most  striking  result  of  the  survey  is  the  proof  we  have  obtained  of 
the  immense  development  of  rocks,  equivalent  in  age  to  the  upper  Trias  of  the  Alps, 
and  paleontological  I  y  closely  allied  to  the  limestones  of  Hallstadt  and  Aussee,  and 
the  St.  Cassian  beds,  that  extremely  important  and  highly  fossilliferous  division  of 
the  Alpine  Trias. 

Further  on  he  says: 

Enough  (fossils),  however,  have  been  found  to  justify  the  assertion  that  the  sedi- 
mentary portion  of  the  great  metalliferous  l)elt  of  the  Pacific  coast  of  North  America 
is  chiefly  made  up  of  rocks  of  Jurassic  and  Triassic  age.  *  *  *  While  we  are 
fully  justified  in  saying  that  a  large  portion  ofih^  auriferous  rock^  of  California  consist 
of  melamorphic  TViamc  and  Jurasnr  strata,  we  have  not  a  particle  of  evidence  to 
uphold  the  theory  *  *  *  that  all  or  even  a  portion  are  older  than  the  Carbon- 
iferous. *  *  *  We  are  able  to  state  *  *  *  that  this  metal  (gold)  occurs  in 
no  inconsiderable  quantity  in  metamorphic  rocks  belonging  as  high  up  in  series  as 
the  Cretaceous.    (P.  261.) 

Subsequent  to  this,  apparently^  W.  P.  Blake,  as  geologist  of  the 
California  State  Board  of  Agriculture,  made  a  claim  to  having,  in  1863, 
found  on  the  American  River  a  fossil  ammonite,  which  he  regarded  as 
establishing  the  secondary  age  of  the  gold-bearing  strata.  It  was 
claimed  by  Prof.  W.  H.  Brewer,  howev^er,  that  Blake  did  not  know 
for  a  certainty  if  the  specimen  was  found  in  place  or,  indeed,  if  it 
were  an  ammonite  or  ceratite;  also  that  the  fossils  were  not  found  so 
early  as  the  date  claimed  by  Blake  (1863).  Brewer  is  very  emphatic 
in  his  statements  to  the  effect  that  Whitney  was  the  first  to  announce 


«  Later  investigators  have  been  inclined  to  regard  the  valley  as  due  merely  to  river 
erosion,  facilitate<l  by  the  vertical  jointing  of  the  rocks.  (See  II.  W.  Turner,  Proc. 
California  Academy  of  Sciences,  Geology,  I,  No.  9,  1900.) 

&  American  Journal  of  Science,  XXXVIII,  November,  1864,  pp.  256-264. 

<  See  American  Journal  of  Science,  XLII,  1886,  p.  114.  ^-^  ^ 
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the  Jui'a-Trias  age  of  these  rocks,  and  the  extracts  from  the  published 
reports  seem  to  l)ear  him  out. 

The  second  volume  of  the  paleontological  reports,  as  published  in 
1869,  comprised  299  pagea,  with  36  full -page  plates,  and  was  given  up 
wholly  to  descriptions  of  Tertiary  and  Cretaceous  fossils  by  Grabb. 
In  his  introductory  note  Whitney  reiterated  his  statement  above  quoted 
regarding  the  age  of  the  gold-bearing  rocks  and  the  absence  of  rocks 
older  than  Carboniferous,  not  merely  in  the  State,  but  west  of  the 
one  hundred  and  sixteenth  meridian. 

As  previously  noted  (p.  385),  Logan,  during  his  period  of  service 

as  provincial  geologist,  submitted  sixteen  i-eports  dealing  mainly  with 

stratigraphic  and  economic  subjects.     In  1863  he  brought  forward  a 

long   promised  volume — The  Geology  of   Canada — a 

Ca£Sii!?863?^^'     large  octavo,  of  983  pages,  accompanied  by  an  atlas 

giving  a  colored  geologic*al  map  and  sections. 

Logan  was  assisted  during  the  early  part  of  his  work  by  Alexander 
Murray  and  James  Richardson,  geologists;  E.  Billings,  paleontolo- 
gist, and  T.  Sterry  Hunt,  chemist.  Later  Robert  liell,  now  (1904) 
acting  director,  and  others  of  less  prominence,  were  added  to  the 
force.  A  portion  of  the  paleontology  was  assigned  to  James  Hall, 
and  the  nomenclature  adopted  was  essentially  that  of  the  New  York 
survey. 

The  map  accompanying  the  volume  was  beautifully  executed  in 
colors,  and  comprised  all  of  the  provinces  southeast  of  the  St.  Law- 
rence as  well  as  a  narrow  belt  composed  mainly  of  Laurentian, 
extending  from  Labrador  southwesterly  to  the  Great  Lakes,  and 
thence  northwesterly  to  the  ninety-sixth  meridian.  It  included  a 
considerable  portion  of  the  United  States,  data  for  which  were  sup- 
plied by  Hall  and  other  American  geologists. 

Overlying  the  graptolitic  shales  of  the  Utica  and  Hudson  River 
formations  in  the  vicinity  of  Quebec,  Logan  found  a  confonnable 
series  of  sandstones,  shales,  and  conglomerate  limestones,  which  he 
considered,  in  spite  of  their  position,  as  older  than  the  Hudson  River 
group  formation  and  to  which  he  applied,  from  their  geographical 
position,  the  name  of  the  Quebec  group.  This  was  again  subdivided 
into  an  underlying  green  sandstone  series  called  the  Sillery  formation, 
and  an  overlying  Levis  formation.  These  were  supposed  by  both 
Logan  and  Billings  to  be  mainly  contemporaneous  with  the  Calcifer- 
ous  and  Chazy  groups  of  the  New  York  geologists,  but  more  recent 
investigations  by  Selwyn  and  Ellis  have  shown  that  while  the  Levis 
beds  are  Calciferous  in  the  lower  parts,  the  Sillery  is  probably  all 
Cambrian  (Dana),  the  Quebec,  as  a  whole,  being  a  northern  continua- 
tion of  the  Taconic  series.  By  a  singular  error,  to  which  Marcou 
was  prompt  to  call  attention,  this  Quebec  group  on  the  map  referred 
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to  above  was  made  to  include  the  (^hazy  and  Calciferous  formations 
below  the  Trenton. 

It  is  worthy  of  note  that,  while  Logan's  successors  have  been  inva- 
riably opposed  to  the  idea  of  the  origin  of  the  drift  and  rock  striations 
through  a  glacial  ice  sheet,  Logan  evidently  committed  himself  to 
this  theory.  Concerning  the  origin  of  the  lake  basins  of  western 
Canada  he  writes: 

These  great  lake  basins  are  depressions,  not  of  geological  structure,  but  of  denuda- 
tion, and  the  grooves  on  the  surface  rocks,  which  descend  under  their  waters,  appear 
to  point  to  glacial  action  as  one  of  the  great  causes  which  have  produced  these 
depressions. 

Again,  in  a  footnote  on  the  same  page,  he  quoted,  with  evident 
approval,  the  following: 

This  hypothesis  (i.  e.,  the  origin  of  the  lake  basins)  points  to  a  glacial  i>eriod  when 
the  whole  region  was  elevated  far  above  its  present  level,  and  when  the  Laurentides, 
the  Adirondacks,  and  the  Green  Mountains  were  lofty  Alpine  ranges,  covered  with 
perpetual  snow  from  which  great  frozen  rivers  or  glaciers  extended  over  the  plains 
l>elow,  producing  by  their  movements  the  glacial  drift  and  scoopiii|r  out  the  river 
valleys  and  the  basins  of  the  lakes. 

It  was  in  this  same  report  that  Logan  first  noted  the  occurrence  of 
a  supposed  fossil  in  the  Laurentian  of  Canada,  describing  under 'the 
name  of  Stroinatopora  inigosa  an  aggregate  of  crystalline  pyroxene 
and  calcite  found  by  Mr.  John  Mullen  in  one  of  the  bands  of  lime- 
stone at  the  Grand  Calumet.  This  was  the  so-called  Eozoon  of  Daw- 
son, referred  to  elsewhere. 

Logan,  for  his  time,  possessed  a  very  profound  insight  into  petro- 
graphical  problems,  though  he  naturally  regarded  as  traces  of  an 
original  bedding  what  is  now  known  to  be,  in  part,  at  least,  foliation 
due  to  dynamic  causes.  Thus,  in  his  reports  for  1853-1856,  he  wrote 
concerning  the  rocks  of  the  Laurentian  system: 

They  are  the  most  ancient  yet  known  on  the  continent  of  America,  and  are  sup- 
posed to  be  equivalent  to  the  iron-bearing  series  of  Scandinavia.  Stretching  on  the 
north  side  of  the  St.  Lawrence  from  Labrador  to  Lake  Superior,  they  occupy  by  far 
the  larger  share  of  Canada,  and  they  have  been  described  in  former  reports  as  sedi- 
mentary deposits  in  an  altered  condition,  consisting  of  gneiss  interstratified  with 
important  bands  of  crystalline  limestone  (p.  7). 

And  again: 

The  Laurentian  series  are  altered  sedimentary  rocks. 

The  geology  of  the  islands  of  Anticosti,  Mingan,  and  the  Magdalen 
River  region  was  assigned  by  Ix)gan  to  James  Richardson,  who  made 
his  report  in  1857.  The  fossils  collected  were  worked  up  by  Billings, 
who  considered  the  rocks  of  the  Anticosti  group  to  consist  of  beds 
of  passage  from  the  Lower  to  the  Upper  Silurian  and  synchronous 
with  the  Oneida  conglomerate,  the  Medina  sandstone,  and  the  Clinton 


Digitized  by  VjOOQ IC 


AMERICAN   GEOLOGY — DECADE    OF   1860-1869.  519 

group  of  the  New  York  survey,  and  with  the  Caradoc  formation  of 
England.'' 

The  possibility  that  the  Laurentian  system  might  not  be  a  single 
unit  was  here  again  recognized  by  Logan  in  a  supplementary  note: 

If,  on  exploration  to  the  eastward  of  the  Trembling  Mountain,  it  should  be  further 
ascertained  that  the  two  inferior  limestone  bands  of  the  Greenville  series  disappear 
on  reatrhing  the  margin  of  the  anorthosite,  it  may  be  considered  as  conclusive  evi- 
dence of  the  existence  in  the  Laurentian  system  of  two  immense  sedimentary  forma- 
tions, the  one  superimposed  unconformably  on  the  other,  with  probably  a  great 
difference  in  time  between  them;  and  it  will  be  an  interesting  subject  of  inquiry 
whether  the  intrusive  rocks  which  have  been  found  intersecting  the  lower  division 
give  any  clue  to  events  which  may  have  happened  in  the  interval. 

Logan  was  born  of  Scottish  parentage  at  Montreal  in  1798,  but  his 
father  shortly  returning  to  Scotland,  he  received  his  early  training, 
which  was  classical,  in  the  High  School  and  University  of  Eidinburgh. 
He  showed  no  disposition  toward  scientific  pursuits 
Sketch  of  Logan.  until  chaucc  led  him  to  the  keeping  of  accounts  in 
the  establishment  of  an  uncle,  who  was  interested  in 
mining  and  copper  smelting  operations  in  Wales.  Here  he  was 
attracted  by  the  phenomena  of  the  coal  seams  and  devoted  a  large 
share  of  his  spare  time  to  their  study. 

In  1838  the  death  of  his  uncle  caused  him  to  give  up  his  position  in 
Wales,  and  in  1840  he  returned  to  Canada.  His  first  geological  paper 
was  on  the  character  of  the  beds  of  clay  immediately  below  the  coal 
seams  of  South  Wales.  This  was  communicated  to  the  Geological 
Society  of  London  in  1840.  In  this  he  announced  the  invariable 
presence  under  the  coal  seams  of  beds  of  fire  clay  carrying  Stigmaria. 
This  he  regarded  as  proving  the  origin  of  coal  through  plant  growth 
in  place — an  opinion  which  was  very  generally  accepted  at  that  time. 

When  Logan  began  his  geological  work  in  Canada  a  large  poilion 
of  the  country  was  a  wilderness,  without  roads,  and  there  were  no 
maps.     Of  the  topography  of  the  Grasp^  district  it  is  written: 

Little  was  known  of  the  region  beside  the  coast  line;  of  the  geology,  practically 
nothing.  Settlements  were  few,  confined  almost  exclusively  to  the  coast,  and  made 
up  chiefly  of  fishermen.  There  were  no  roads  through  the  interior,  most  of  which 
was,  and  indeeti  still  is,  a  wilderness,  inhabited  by  bears  and  other  wild  beasts,  or  at 
best  only  penetrated  in  certain  regions  by  a  few  Indians  or  lumbermen.  The  courses 
of  most  of  the  streams  were  unknown  and  the  mountains  untraversed. 

Living  the  life  of  a  savage,  sleeping  on  the  beach  in  a  blanket  sack,  with  my  feet 
to  the  fire,  seldom  taking  my  clothes  off,  eating  salt  pork  and  ship's  biscuit,  occasion- 
ally tormented  by  mosquitoes. 


"Prof.  N.  S.  Shaler,  in  a  paper  before  the  Boston  Society  of  Natural  History, 
December  18,  1861,  antagonized  that  view  and  argued  that  from  the  base  of  the 
level  of  the  Canadian  channel  to  the  summit  at  the  southwestern  point  of  the  island 
the  beds  were  entirely  Upper  Silurian  and  synchronous  with  the  Clinton  and  Niagara, 
of  New  York  and  elsewhere,  though  the  fossils  themselves  might  not  be  absolutely 
identified. 
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Such  is  the  record  Logan  has  left  us  of  his  Gaspe  experience.  From 
early  dawn  to  dusk  he  paced  or  paddled,  and  yet  his  work  was  not 
finished,  for  while  his  Indians — often  his  sole  companions — smoked 
their  pipes  around  the  evening  fire  he  wrote  his  notes  and  platted  the 
day's  measurements. 

Logan  is  represented  to  us  as  strong  in  body,  of  active  mind,  indus- 
trious, and  doggedly  persevering,  painstaking,  a  lover  of  truth,  gen- 
erous, possessed  of  the  keenest  knowledge  of  human  nature,  sound  of 
judgment,  but  always  cautious  in  expressing  an  opinion. 

During  his  twenty-seven  years  of  office,  sixteen  reports  were  sub- 
mitted, the  first,  that  for  the  year  1843,  appearing  in  the  form  of  a 
pamphlet  of  159  octavo  pages.  It  contained  I'emarks  on  the  mode  of 
making  a  geological  survey  and  a  short  preliminary  report  containing 
general  observations  on  the  geology  of  the  provinces,  and  adjacent 

portions  of  the  United  States,  together  with 
the  Joggins  section  already  mentioned. 

Assisted  by  Mr.  Alexander  Murray,  and 
later  by  the  chemist,  T.  Sterry  Hunt,  Logan 
continued   his   work   until  1869,  when  he 
w-y  '     \  resigned  to  be  succeeded  by  Mr.  Selwyn. 

m    ^^^H^  His  reports  cover  the  geology  of  Ottawa, 

^     l^^^H  ^^^  Gasp6  peninsula,  the  economic  geology 

^^^^^^^^V  of  the  Lake  Superior  region,  the  geology 

^^^^I^H^^^        of  lower  Canada  with  especial  reference  to 
^^^^^^^^^^^         the  eastern  townships,  the  region  along  the 
^^^^^^^^  north  coast  of  Lake  Huron,  the  gold-bearing 

fields  of  the  Chaudiere  region,  and  the  west- 
ern peninsula,  also  the  region  between  the 
Ottawa,  the  St.  Lawrence,  and  the  Rideau. 
His  most  important  publication  was  his  geplogy  of  ('anada,  noticed 
alx)ve.  His  geological  map,  bearing  date  of  1866  and  measuring  8 
by  3i  feet,  is  said  to  have  been  the  largest  and  most  comprehensive 
that  had  appeared  up  to  that  time. 

Under  the  directorship  of  Logan,  Alexander  Murra3%  assisted  by 
James  P.  Ilowley,  began  work  on  the  geology  of  Newfoundland  in 
18H4,  making  a  first  brief  report  in  May,  1866.  The  survey  was  con- 
tinued until  1880,  and  a  reprint  of  all  the  reports  pub- 
lished in  book  form — an  octavo  volume  of  536  pages — 
in  1881. 

The  work  as  a  whole  consisted  mainly  of  details  of  structure  of  the 
regions  immediate  1}^  along  the  coast,  with  notes  on  the  mines.  The 
various  subdivisions  of  the  formations  adopted  were  naturally  those 
of  the  Canadian  survey,  which  were  based  to  a  considerable  extent 
upon  those  of  the  New  York  survey. 


Fig.  74.— Thoma.s  Sterry  Hunt. 


Work  of  Murray 
and  Howley  in 
Newfoundland,  1864. 
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Naturally,  Murraj- 's  observations  were  limited  mainly  to  a  compar- 
ativel}'  narrow  belt  along  the  coast.  With  the  exception  of  the  (Hacial 
and  post-Glat^ial  material,  no  formations  were  found  of  later  date  than 
the  Carboniferous.  The  succession  of  the  Ijower  Silurian  formations 
of  the  island  from  above  downward  he  gave  as  follows:  Sillery,  Lau- 
zon,  Levis,  Upper  Calciferous,  Lower  Calciferous,  Upper  Potsdam, 
Lower  Potsdam,  and  St.  John's  Group.  The  St.  John's  Group  is  now 
recognized  as  Middle  Cambrian  ( 0,  while  his  Lower  Potsdam  is  Lower 
Cambrian. 

Before  the  beginning  of  Murray's  work  it  had  already  been  shown 
by  Richardson,  working  under  direction  of  Logan,  that  a  trough  of 
Lower  Silurian  rocks  must  underlie  the  northern  part  of  the  (iulf  of 
St.  Lawrence,  graduall}'  narrowing  toward  the  Strait  of  Belle  Isle,  one 
side  of  the  trough  rising  on  the  coast  of  Labrador,  while  the  other 
formed  the  western  shore  of  Newfoundland  from  Bonne  Bay  to  Cape 
Norman.  On  each  side  of  the  Strait  these  rocks  were  found  to  rest 
on  Laurentian  gneiss,  which  was  asceitained  to  extend  from  the  neigh- 
borhood of  Bonne  Bay  to  within  12  or  15  miles  of  Hare  Bay. 

Murray's  investigations  proved  that  the  Laurentian  rocks  spread  in 
breadth  to  the  Atlantic  coast  of  the  great  northern  peninsula  of  the 
island,  and  that  the  base  of  the  Lower  Silurian  strata,  sweeping  around 
the  northern  extremity  of  the  gneiss,  comes  upon  the  coast  near  Canada 
Bay,  and  again  strikes  into  the  land  at  Coney  Arm  in  White  Bay, 
where  the  Lower  Silurian  are  overlaid  by  Upper  Silurian,  followed 
by  rocks  of  Devonian  age.  Farther  to  the  southeast  the  Ijaurentian 
and  Silurian  series  were  found  to  be  partially  and  unconformably  cov- 
ered by  rocks  of  Carboniferous  age. 

The  report  was  accompanied  by  a  colored  geological  map  on  ten 
sheets'^  on  a  scale  of  25  miles  to  the  inch. 

As  already  noted,  the  Canadian  geologists,  with  the  exception  of 
Logan,  have  never  taken  kindly  to  the  idea  of  a  glacial  ice  sheet,  but 
have  sought  to  account  for  the  distribution  of  the  drift,  erosion,  and 
allied  or  associated  phenomena  through  other  means. 
SiSSuoi^isS.'^  Thus,  J.  W.  Dawson,  in  his  address  before  the  Nat- 
ural History  Society  of  Montreal  in  1864,  took  occasion 
to  combat  vigorously  the  idea,  on  the  ground  that  ^'  it  requires  a  series 
of  suppositions  unlikely  in  themselves  and  not  warranted  by  facts;" 
that  it  seems  physically  impossible  for  a  sheet  of  ice  to  move  over  an 
DawMfl's  AddrcM  ^^^^  surfacc,  striatiug  it  in  uniform  directions  over 
History  Society  of  ^'^*  arcas;  that  glaciers  could  never  have  transported 
Montreal,  1864.  ^^^  large  bowldcrs  and  left  them  in  the  positions  found, 
having  no  source  of  supply;  that  the  peat  deposits,  fossils,  etc.,  show 
that  the  sea  at  that  period  had  much  the  same  temperature  as  the  pres- 
ent Arctic  currents,  and  that  the  land  was  not  covered  by  ice. 
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In  describing  the  northeasterly  and  southwesterly  and  northwesterly 
and  southeasterly  directions  of  the  rock  striae,  he  announced  that  he 
had  no  hesitation  in  asserting  that  the  force  which  produced  the  south- 
westerly striaB  was  "from  the  ocean  toward  the  interior,  against  the 
slope  of  the  St.  Lawrence  valley,"  and  as  he  could  not  conceive  of  a 
glacier  moving  from  the  Atlantic  up  into  the  interior  he  considered 
this  as  at  once  disposing  of  the  glacial  theory.  He  conceived,  rather, 
that  a  subsidence  took  place  sufficient  to  convert  all  the  plauifi  4rf 
Canada,  New  York,  and  New  England  into  sea.  TWs,  lie  felt,  would 
determine  the  direction  of  the  Arctic  current  which  would  move  up 
this  slope.  He  would  account  for  the  excavation  of  the  basins  of  the 
Great  Lakes  in  a  similar  way.  Supposing  the  land  submerged  so  that 
the  Arctic  current  from  the  northeast  should  pour  over  the  Laurentian 
rocks  on  the  northern  side  of  Lake  Superior  and  Lake  Huron,  it  would 
cut  out  the  softer  strata,  forming  the  basins  and  drifting  the  material 
to  the  southwest. 

The  lower  strata  of  this  current  would  be  directed  through  and 
between  the  Laurentide  hills  and  the  Adirondacks,  and,  flowing  over 
the  ridge  of  hard  rock  which  connects  them  at  the  Thousand  Isles, 
would  cut  out  the  basin  of  Lake  Ontario  and  heap  up  at  the  same  time 
the  mass  of  bowlder  clay  intervening  between  Lake  Ontario  and 
Georgian  Bay.  Lake  Erie,  he  thought,  might  have  been  cut  by  the 
flow  of  the  upper  layers  of  water  over  the  middle  Silurian  escarpment. 
Lake  Michigan  being  likewise  due  to  this  unequal  erosion.  The 
northwesterly  and  southeasterly  striae  he  conceived  were  produced  by 
a  return  of  the  northeast-southwest  current,  obstructions  causing  it 
to  flow  along  the  valleys  of  Lake  Champlain,  the  Connecticut,  and 
the  low  countr}^  between  Lake  Ontario  and  Lake  Huron.  He  would 
not  wholly  exclude  the  action  of  glaciers,  but  thought  such  were 
limited  to  the  mountain  tops.  Old  sea  beaches,  he  thought,  had  been 
mistaken  for  moraines,  and  he  found  evidences  of  ocean  breakers 
almost  to  the  summits  of  the  White  Mountains.  Lake  basins  and 
fiords  in  the  northern  latitudes  are  all  due  to  current  and  wave  action, 
the  cold  Arctic  currents  being  appealed  to  rather  than  the  warm 
surface  currents.  He  also  felt  sure  that  the  numerous  indentations  of 
the  coast  of  the  United  States  were  due  to  the  action  of  waves  rather 
than  of  ice. 

In  the  autumn  and  winter  of  1863-64  Raphael  Pumpellj',  of  Rhode 
Island,  was  engaged  by  the  Chinese  Government  to  examine  the  coal 
fields  west  of  Peking.  Incidentally  he  made  journeys  in  noiiliern 
China  and  Mongolia.  Subsequently,  in  1864-65,  he 
Ch}nar"863^!*  *"  c^osscd  into  Siberia  and  journeyed  overland  to  St. 
Petersburg.  The  results  of  his  observations  on  the 
geology  of  the  region  were  published  in  the  Smithsonian  Contributions 
to  Knowledge,  1866,  forming  a  quarto  pamphlet  of  144_page8  with  8 
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plates  of  sections,  and  a  colored  geological  map,  tlie  latter  confessedly 
hypothetical.  This  memoir,  which  ant(»dated  Richthofen's  great  work 
on  China  by  some  years,  gave  to  the  world  the  tirst  authentic  account 
of  the  geology  of  the  region. 

He  showed  that  in  the  region  extending  from  the  twentieth  to  a  little 
l>eyond  the  fortieth  parallel  and  from  near  the  one  hundredth  to  about 
the  one  hundred  and  twenty -second  meridian  the  oldest  sedimentary 
rocks  were  Devonian  limestones,  which  prevailed  in  some  cases  to 
the  enormous  thickness  of  11,600  feet.  Overlying  this,  through  the 
greater  part  of  the  area,  were  the  Chinese  Coal  Measures  (Mesozoic), 
interrupted  by  bands  of  granitic  and  metamorphic  rock  of  undeter- 
mined age.  In  the  extreme  rfoithern  part  of  this  region  was  a  com- 
paratively small  area  of  basaltic  and  trachytic  rocks.  The  region 
immediately  south  of  Peking,  comprised  principally  within  the  prov- 
inces of  Chihli,  Nganhwui,  Kiangsu,  and  Shantung,  wius  colored,  as 
occupied  by  post-Tertiary  materials,  with 
smaller  areas  of  the  same  age  along  the 
Yangtse-Kiang  and  Hoangho  rivers  in  the 
provinces  of  Hupeh,  Sz'chuen,  and  Shensi. 

Considerable  attention  was  given  to  the 
post-Tertiary  '^Terrace''  deposit,  or  loam, 
which  he  found  in  the  valley  of  every  tribu- 
tary of  the  Yang  Ho,  and  probabh'  also  of 
the  Sankang  Ho.  This,  which  has  since  be- 
come more  generally  known  as  tlie  Chinese 
loess,  was  described  in  considerable  detail  as 
to  modes  of  occurrence,  physical  properties, 
and  geological  distribution.  The  material 
he  regarded  as  having  been  deposited  in  a 
chain  of  lakes  extending  from  Yenkingchau 
north-northwest  of  Peking  to  near  Ninghia,  in  Kansuh,  a  distance  of 
*  nearly  500  miles,  the  lake  basins  themselves  being  formed  by  the  dis- 
locations which  gave  rise  to  the  plateau  wall  to  the  north,  and  being 
filled  by  sediments  brought  by  the  Yellow  River. 

The  fossil  plants  brought  by  Pumpelly  from  the  coal-bearing  rocks 
were  studied  by  Newberry  and  identified  as  of  Mesozoic  age. 

George  H.  Cook,  who  was  assistant  geologist  of  New  Jersey  under 
the  Kitchell  survey  (suspended  in  1856),  was  appointed  State  geologist 
with  the  reorganization  of  the  same  survey  in  1863,  and  continued  to 
serve  in  this  capacity  until  the  time  of  his  death  in 
New  Jcncv.  1889.     His  first  annual  report,  that  for  1864,  bearing 

the  date  of  1865,  was  a  small  pamphlet  of  but  20  pages, 
and  contained  a  single-page  colored  geological  map  of  the  State,  the 
second  of  its  kind  to  be  issued,  the  first  having  been  bv  H.  I).  Rogei's. 


Fi«.  75.— Raphael  PumiK'lly. 
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One  of  the  first  tasks  which  Doctor  Cook  imposed  upon  himself 
after  his  appointment  was  the  preparation  of  a  large  octavo  volume, 
a<*companied  by  a  portfolio  of  maps,  setting  forth  the  condition  of  the 
knowledge  of  geology  of  the  State  up  to  the  date  of  publication  (1868). 
In  this  work  he  gave  a  general  summary  of  all  his  previous  work,  and 
upon  it  we  will  draw  largely  for  other  facts  which  may  be  given  here. 

Naturally  the  question  of  the  age  and  stratigraphic  position  of  the 
white  limestone  came  up  for  discussion.  He  quoted  the  opinion  of 
Rogers  (p.  326),  and  found  reason  for  differing  with  him.     H^e  wrote: 

In  regard  to  the  crystalline  limestones  he  was  mistaken.  They  are  everywhere 
conformable  to  the  gneiss  and  interstratified  with  it.  His  mistake  is  acknowle<lged 
by  his  former  assistant,  J.  P.  Lesley,  in  the  American  Journal  of  Science,  LXXXIX, 
p.  221.  The  true  position  and  identity  in  age  of  the  crystalline  limestone  and 
gneiss  was  proved  by  Vanuxem  and  Keating,  in  the  Journal  of  the  Academy  of 
Natural  Sciences  in  1822,  and  this  view  has  been  sustained  by  all  the  observations  of 
Doctor  Kitchell  and  his  assistants  and  can  be  easily  verified  by  anyone  who  will 
visit  the  localities  cited  in  this  report. « 

Cook  was  inclined  to  regard  the  magnetic  iron  ore  as  of  sedimen- 
tar}'  origin,  deposited  in  beds  just  as  were  the  gneiss  and  crystalline 
limestone,  in  this  respect  agreeing  with  Doctor  Kitchell  and  disagree- 
ing with  H.  D.  Rogers. 

As  early  as  1854  Cook  had  called  attention  to  the  gradual  subsidence 
of  the  coast  of  New  Jersey,  and  before  his  death  was  able  to  give 
absolute  figures  regarding  the  rate  of  depression. 

Cook  was  born  in  Hanover,  New  Jerse\%  in  1818,  and  educated  in  the 
public  schools  of  the  State  and  the  Rensselaer  Polytechnic  Institute, 
whence  he  graduated  in  1839  with  the  degree  of  C.  E.  After  gradua- 
tion he  remained  at  the  Institute  as  tutor,  adjunct  pro- 
sketchofCook.  fessor,  and  finally  full  professor,  until  1846,  when  he 
removed  to  Albany,  New  York,  where  he  was  engaged 
at  first  in  business  and  latterly  as  professor  of  mathematics  and  natural 
philosophy,  and  finally  principal  of  the  Albany  Academy. 

In  1852  he  was  sent  to  Europe  by  the  State  authorities  of  New  York 
to  study  the  salt  deposits,  with  a  view  of  developing  those  of  Onondaga 
County.  In  1853  he  accepted  a  call  to  the  chair  of  chemistry  and 
natural  sciences  in  Rutgers  (yollege.  New  Jersey,  retaining  his  connec- 
tion with  the  institution  during  the  remainder  of  his  life,  though  after 
1854  being  actively  connected  with  the  State  geological  survey.  In 
1880,  moreover,  he  was  made  director  of  the  State  agricultural  exper- 
iment stiition,  which,  indeed,  had  been  established  largely  through  his 
efforts. 

«  Studies  by  Mr.  A.  C.  Spencer,  of  the  Tnited  States  (xeological  Survey,  made  dur- 
ing the  Beason  of  1904,  point  to  an  igneous  origin  for  tliegneins.  This  view,  of  course, 
effectively  disposes  of  the  idea  that  the  limestone  is  conformable  with  the  gneiss  and 
interstratified  with  it. 
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George  Hammell  Cook. 
state  Geologist  of  New  Jersey. 
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A  noble  and  unselfish  man,  who,  as  some  one  has  expressed  it,  "went 
in  and  out  of  the  houses  of  this  State,  making  friends  of  every  man, 
woman,  and  child  he  met."  Farseeing,  persistent,  ever  calm  and  judi- 
cious in  his  work,  3^et  light  hearted  and  cheerful  among  his  friends — 

his  broad  expanse  of  face,  full  of  light,  his  eyes  gleaming  with  kindliness,  a.s  well  as 
with  shrewdness,  and  often  with  a  right-merry  twinkle;  his  genial  smile,  his  frank 
greeting,  never  marred  by  any  hollow  and  flippant  phrase  of  mere  etiquette,  but  as 
honest  as  it  is  cordial;  his  sympathy,  so  responsive  yet  so  genuine;  his  massive 
though  quiet  strength  of  purpose;  and  his  self-contained,  self-poised  nature,  all 
crowned  with  boundless  hopefulness,  united  to  make  his  very  presence  an  inspira- 
tion and  benediction. 

In  the  author's  memory  there  are  two  men  among  American  geolo- 
gists who  stand  out  as  devotees  of  science,  yet  entirely  free  from  the 
narrowness  of  the  specialist  or  the  personal  idiosyncrasies  that  so  fre- 
quently mar  the  character  of  men  of  their  class.     These  two  men  are 
George  II.  Cook  and,  Edward  Orton.     They  loved  science  for  science 
sake,  yet  did  not  close  their  eyes  to  its  eco- 
nomic bearing,  nor  call  upon  an  overtaxed 
public   to  support  them  in  the  work  they 
loved,  regardless  of  its  outcome.     Never  a 
minister  of  the  gospel  had  the  interests  of 
his  parishioners  more  at  heart  than  these  two 
men  that  of  the  public  they  served.     For 
themselves  they  asked  simply  the  privilege 
of  doing  the  work  and  doing  it  to  the  best  of 
their  ability. 

B.  F.  Mudge,  as  State  geologist,  submitted 
his  First  Annual  Report  on  the  (Jeology  of 
Kansas  for  the  year  18()4,  in  form  of  an 

octavo  volume   of   56   pages,  F^«-  'e-Benjamin  Franklin 

^"i^f^iiniSM^  in  1866.     He  announced  the  ^"'^^^' 

lowest  geological  formation  of  the  State  to  be  the  upper 
portion  of  the  Coal  Measures,  of  which  he  gave  a  section  in  Leaven- 
worth County.     He  accepted  the  identification  of  the  Permian  age  of 
the  fossils  which  had  been  described  by  Meek,  Hayden,  and  Swallow, 
and  noted  the  occurrence  of  the  Triassic  and  piobably  the  Jurassic 
also,  in  a  belt  of  territory  crossing  the  Republican  and  Smoky  Hill 
valleys,  and  also  the  Cretaceous,  the  geographic  limit.s  of  which  had 
not  been  worked  out.     He  regarded  the  drift  and  erratic  bowlders  as 
due  to  icebergs. 
Professor  Mudge  was  born  in  Maine  in  1817,  and  graduated  at 
Wesleyan    University,  Connecticut,  in    1840.      After 
Sketch  of  MudKc      graduation  he  studied  law  and,  being  admitted  to  the 
bar,  practiced  his  profession  in  Lynn,  Massachusetts, 
imtil  1859.     During  18.59  and  1860  he  was  employed  as  chemist  in  the 
Chelsea,  Massachusetts,  and  Breckinridge,  Kentu('ky,  joil^^refincriq^ol^ 
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and  in  1861  he  removed  to  what  is  now  Kansas  ("ity,  Kansas,  where  he 
engaged  in  teaching.  Such  a  life  would  now  be  considered  as  little 
fitting  a  man  for  the  profession  of  geology,  yet  in  1864,  having  by 
invitation  delivered  a  course  of  lectures  before  the  Kansas  legislature 
upon  the  geological  resources  of  the  State,  he  was  unanimously  elected 
State  geologist,  a  position  which  he,  however,  filled  for  but  a  single 
3^ear,  resigning  to  accept  the  professorship  in  natural  history  in  the 
Agricultural  College  at  Manhattan,  where  he  remained  until  1873. 
His  resignation  from  this  last  position  is  stated  to  have  been  caused 
by  disgust  aroused  at  the  political  conditions  in  which  the  institution 
became  involved  and  the  assumption  of  its  presidency  by  a  well-known 
politician,  with  no  qualifications  whatever  for  the  position. 

Although  by  profession  a  lawyer,  Mudge  is  stated  to  have  been 
throughout  his  whole  life  deeply  interested  in  natural  sciences,  and 
while  in  Lynn  to  have  taken  an  active  part  in  the  organization  of  the 
Lynn  Natural  History  Society.  In  Kansas  his  scientific  work  was 
largely  in  the  line  of  exploration. 

Arduous,  intrepid,  willingly  undergoing  hardships  and  dangers  for  the  sake  of 
science,  he  exi)lored  a  very  large  part  of  Kansas  when  explorations  meant  real 
dangers  and  hardshii>8  of  the  most  pronounced  kind.  As  early  as  1870  he  made 
explorations  in  the  extreme  western  part  of  the  State  in  the  study  of  its  geology  and 
paleontology,  and  for  years  afterwards  nearly  every  summer  found  him  in  the  midst 
of  the  Indian  country,  usually  wholly  without  protection  from  the  danger  of  hostile 
IndiauH,  save  such  as  his  own  rifle  and  revolver  afforded.  In  the  summer  of  1874  he 
explortnl  the  whole  length  of  the  Smoky  Hill  River,  an  utterly  trackless  wild, 
infested  by  Indians,  whose  murderous  depredations  were  visible  on  every  side. 

Mudge's  bibliography  is  brief  apd  the  papers  generally  limited  to 
but  a  few  pages  at  most.  His  material  he  willingly  put  in  the  hands 
of  others  for  publication,  and  Marsh,  Cope,  White,  and  Lesquereux 
profited  thereby.  It  was  during  one  of  these  earlier  trips  that  he  dis- 
covered the  first  specimen  of  Ichthyornis,  which,  coming  into  the 
hands  of  Marsh,  did  so  much  toward  making  the  latter  famous. 

Mudge  made  the  first  geological  map  of  the  State  (Kansas),  which 
is  fairly  correct  in  its  main  features,  save  for  the  Lower  Cretaceous, 
which  he  failed  to  recognize. 

He  mapped  and  described  with  tolerable  accuracy  and  fullness  the  physical  struc- 
tures of  the  different  Cretaceous  and  Tertiary  horizons.  Much,  if  not  most,  of  the 
information  thus  given  was  based  upon  his  patient  researches  in  wagon  or  on  foot. 
In  general  it  may  truthfully  be  said  that  his  pioneer  work  in  Kansas  geology  was 
imjwrtant  and  extensive,  though  now  largely  superseded  by  more  detailed  and 
accurate  studies.  His  work  in  life,  however,  has  chiefly  borne  fruit  as  a  teacher.  He 
was  widely  known  as  an  enthusiastic  and  able  lecturer,  and  his  courses  were  always 
in  denmnil.by  the  teachers  and  scientific  men  of  the  State.  His  quiet  modesty  and 
unselfishneHs  disarmed  all  envy  and  jealousy.  Of  most  charming  personality,  of 
wide  culture,  and  unbounded  enthusiasm,  his  teachings  made  an  unusual  impression 
ujK>n  all  with  whom  he  came  in  c^ontact. 
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In  1866,  G.  C.   Swallow,  who  succeeded  B.  F.  Mudge  rs  State 

geologist,  issued  a  Preliminary  Report  of  the  Geological  Survey  of 

Kansas,  in  form  of  an  octavo  volume  of  198  pages,  including  a  report 

by  Dr.  Tiffin  Sinks  on  the  Climatologfv,  and  one  by 

Swallow's 

oeoiofficaisarv^y      Dr.  C.  A.  Logau  On  the  Sanitary  relations  of  the  State. 
Maj.  F.  Hawn  was  assistant  geologist. 

Special  attention  was  given  to  the  eastern  and  central  part  of  the 
State.  He  found  rocks  belonging  to  Quaternary,  Tertiary,  Creta- 
ceous, Triassic  (?),  Permian,  Lower  Permian,  and  Carboniferous  for- 
mations, the  lowermost  division  being  the  Lower  Carboniferous.  The 
buff,  mottled,  and  red  sandstones  underlying  the  Cretaceous  were 
doubtfully  referred  to  the  Triassic  from  their  resemblance  to  the 
foreign  Triassic  and  the  presence  of  a  Nucula  resembling  the  Sjyeclosa 
of  Munster  from  the  Muschelkalk  of  Bindlock.  The  presence  of 
Permian  beds,  it  will  be  remembered,  he  had  previously  announced. 
The  coal-bearing  rocks  he  estimated  at  2,000  feet  in  thickness  and 
underlying  an  area  of  over  17,000  square 
miles.  In  these  he  announced  twenty-two 
distinct  and  separate  beds  of  coal,  ranging 
in  thickness  from  1  to  7  feet. 

This  work  of  Swallow  in  Kansas  has  been 
largely  overlooked  by  recent  workers.  Ac- 
cording to  Keyes,"  a  large  portion  of  it  was 
not  only  good  but  marvelously  well  done  for 
its  day  and  the  conditions  under  which  it  was 
accomplished.  The  historical  importance  of 
Swallow's  work  "lies  in  the  fact  that  some 
of  his  geographic  names  applied  to  geologic 
terranes  will  have  to  stand  as  valid  terms,  al- 
though his  correlations  were  often  very  bad." 

Swallow,  like  Mudge,  was  born  in  Maine, 
but  was  of  Norman-French  descent.  He  studied  the  natural  sciences 
under  Parker  Cleaveland,  at  Bowdoin  College,  graduating  in  1843,  and, 
after  several  years  in  educational  work,  accepted  the 
Sketch  of  Swallow,  chair  of  chcmistry,  geology,  and  mineralogy  in  the 
University  of  Missouri  in  Columbia.  From  1856  to 
1861,  the  date  of  the  discontinuation  of  the  survey,  he  served  as 
geologist  of  Missouri,  and  in  1865  was  appointed  State  geologist  of 
Kansas,  as  elsewhere  noted. 

lie  is  represented  to  us  as  a  large,  fine-looking  man,  over  6  feet  in 
height,  and  a  very  close  observer  of  all  natural  phenomena.  Accord- 
ing to  Professor  Broadhead,  ''No  other  man  during  the  same  length 
of  time  has  ever  gone  into  a  strange  field,  traversed  the  country,  and 
published  a  volume  all  in  a  year  and  a  lialf,  as  he  did."     Swallow  was 

«  American  Geologist,  June,  1900,  p.  347.  Digitized  by  GoOqIc 


Fig.  77.— George  Clinton  Swallow. 


528  BEPORT   OF   NATIONAL   MUSEUM,  1904. 

connected  for  a  time  (1867-1870)  with  mining  operations  in  Montana, 
but  his  scientific  field  was  limited  wholly  to  Missouri  and  Kansas. 

At  the  December  (1865)  meeting  of  the  Boston  Society  of  Natural 

History,  Dr.  N.  S.  Shaler,  then  but  twenty-four  years  of  age  and  a 

graduate  of  the  Lawrence  Scientific  School  in  Cambridge,  .made  some 

interesting  remarks  on  the  elevation  of  continental 

N.  S.  Shaler's  Views  ?>    ..        •  .       .,  .  ^     ^>.,        , 

on  Contineiitai  upuft,  masses.  Kefemng  to  the  assumptions  or  Charles 
Babbage  and  Sir  John  Herschel  relative  to  the 
shifting  of  isothermal  lines  and  consequent  expansion  and  local  uplift 
along  lines  of  deposition,  he  went  on  to  argue  that  for  the  same  reason 
sea  bottoms  on  which  sedimentation  was  taking  place  would  be  areas 
of  depression,  since  the  curving  must  take  place  in  the  direction  of 
greatest  expansion.  In  like  manner,  uplifting  would  take  place  along 
lines  of  denudation.  The  intermediate  point  between  the  two  zones  of 
movement  would  naturally  be  the  sea  border,  and  hence  here  would 
occur  the  fmcturing  of  the  superincumbent  strata  and  resultant  vol- 
canic phenomena.  In  this  way,  assuming  the  original  nuclei  of  the 
continents,  or  points  first  elevated  above  sea  level,  to  have  been  in 
the  northern  portion  of  the  sphere,  he  thought  it  probable  they  would 
continue  to  grow  by  uplift  southward  in  a  succession  of  southwardly- 
pointed  triangles. 

Some  six  months  later,  in  June,  1866,  he  read  before  the  same 
society  a  paper  on  the  formation  of  mountain  chains,  which  is  also  of 
interest  in  this  connection.  Accepting  the  theory  that  the  earth's 
mass  consists  of  a  solid  nucleus,  a  hardened  outer  crust,  and  an  inter- 
mediate zone  of  slight  depth  in  a  condition  of  imperfect  igneous 
fusion,  he  argued,  as  in  a  previous  paper,  that  while  the  continental 
folds  were  probably  corrugations  of  the  whole  thickness  of-  the  crust 
the  mountain  chains  were  but  folds  of  the  outer  portion  caused  by  the 
contraction  of  the  lower  portions  of  this  outer  shell,  the  contraction 
in  both  cases  being  due  to  loss  of  heat.  Further,  the  subsidence  of 
the  ocean's  floors  would,  through  producing  fractures  and  dislocations 
along  those  lines,  tend  to  promote  the  formation  of  mountain  chains 
along  and  parallel  with  the  sea  borders. 

Still  again,  in  1868,  Shaler  (having  in  the  meantime  been  elected 
professor  of  geology  in  Harvard  University)  brought  up  before  the 
Society  the  matter  of  the  nature  of  the  movements  involved  in  the 
changes  of  level  of  shore  lines,  and  this  time  with  particular  reference 
to  changes  coincident  with  or  subsequent  to  the  Glacial  period.  He 
showed  that  local  phenomena  of  continental  uplift  or  depression,  as 
measured  by  the  level  of  the  sea  at  the  shore  line,  might  be  variously 
modified  by  the  position  of  the  points  of  rotation,  whether  immedi- 
ately at  the  shore  line  or  at  a  greater  or  less  distance,  either  seaward 
or  inland.  Of  greater  significance,  however,  were  his  remarks  rela- 
tive to  the  changes  in  level  at  the  time  of  glaciation.     Referring  to 
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a  previous  paper,  where  he  showed  that  a  compound  bar  would,  when 
heated,  bend  toward  the  side  composed  of  the  most  expansive  mate- 
rial, he  compared  such  a  bar  to  a  portion  of  the  earth's  crust  covered 
with  several  thousand  feet  of  ice  and  snow.  The  effect  of  this  blanket 
would  be  to  cause  the  isothermal  lines  to  move  outward  toward  the 
surface,  causing  thus  an  expansion  of  that  portion  of  the  crust  imme- 
diately beneath  the  ice.  But  the  ice  itself  would  partake  very  slightly, 
if  at  all,  of  this  increased  temperature,  and,  as  in  the  case  of  the  com- 
pound bar,  the  bending  would  take  place  in  the  direction  of  maximum 
expansion,  i.  e.,  in  this  particular  case,  downward.  In  this  way,  he 
suggested,  the  depression  accompanying  the  period  of  maximum  glacia- 
tion  might  be  accounted  for. 

C.  F.  Hartt  and  Orestes  St.  John  accompanied  Agassiz  in  the  capac- 
ity of  geologists  on  the  Thayer  Expedition  to  Brazil  during  the  years 
1866-66.      In    1867   Hartt  made   a   second 
journey,    spending    several 

C.  p.  Hartt'8  Work     *'  .  -^ '        ^    .        ^        ^       , 

in  Brazil.  months    ou    the   coast,    be- 

tween Pernambuco  and  Rio, 
exploring  more  particularly  the  vicinity  of 
Bahia  and  the  islands  and  coral  reefs  of  the 
Abrolhos. 

The  results  of  this  and  the  previous  ex- 
pedition were  published  in  book  form  in 
1870,  under  the  title  of  Geology  and  Physical 
Geography  of  Brazil.  In  this  work  the 
gneisses  of  the  Province  of  Rio  de  Janeiro 
are  regarded  as  metamorphosed  or  sedi- 
mentary deposits  and  of  Azoic   age.      Their      f,o.  78.-Charles  Frederick  Hartt. 

thickness  he  did  not  even  estimate,  recog- 
nizing the  fact  that  their  apparent  enormous  thickness  was  due  to 
numerous  reversed  folds,  so  that  one  might  travel  for  miles  over  their 
upturned  edges,  finding  them  always  highly  inclined  and  dipping  in 
the  same  general  direction. 

Concerning  the  probable  age  of  the  metamorphic  rocks  succeeding 
the  gneisses  he  found  no  proof,  though  it  w^as  suggested  they  might 
be  Silurian  or  Devonian.  South  of  Rio  he  found  unmistakable  (Car- 
boniferous rocks,  including  beds  of  bituminous  coal,  and  in  the  prov 
ince  of  Sergipe,  underlying  the  Cretaceous,  a  thick  series  of  red 
sandstones,  referred  to  the  Triassic.     No  Jurassic  was  recognized. 

Marine  Cretaceous  beds  of  undetermined  extent  were  found  north 
of  the  Abrolhos  Islands,  which  were  conformably  overlaid  b}"  clays 
and  ferruginous  sandstone,  referred  to  the  Tertiaiy.  Overlying  this 
along  the  whole  coast  he  found  an  immense  sheet  of  structureless 
clays,  gravels,  and  bowlder  deposits,  which  he  believed,  with  Agassiz, 
to  have  been  the  work  of  glacial  ice,  though  he  noted  that  nowhere 
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had  there  been  seen  either  polished  or  striated  rocks,  such  as  are 
almost  constant  accompaniments  of  glaciation  elsewhere.  It  is  almost 
needless  to  add  that  this  view  is  no  longer  held  by  anyone,  the  bowl- 
ders supposed  to  have  been  erratics  being  merely  bowlders  of  decom- 
position and  their  distribution  the  work  of  gravity  and  water. 

In  1870  Hartt  went  again  to  Brazil,  and  in  1875,  while  professor  of 
geology  at  Cornell  University,  was  appointed  chief  of  the  geological 
commission  of  that  country,  with  Richard  Kathbun  as  assistant.  He 
died  in  1878. 

An  act  of  the  State  legislature  of  Minnesota  approved  March  2, 
1866,  provided  for  the  establishment  of  a  State  geological  survey,  but 
one  which  proved  short-lived.  Henry  E.  Eames  was  made  State 
^  „  „  geologist,  and  during  his  term  of  office  made  two  brief 

in  MinneMta,  reports  of  23  and  58  pages  respectively,  both  bearing 

on  the  title  page  the  date  of  1866.  The  work  was 
almost  wholly  of  an  economic  nature. 

Eugene  W.  Hilgard,  in  an  article  in  the  American  Journal  of  Sci- 
ence for  1866,  pointed  out  the  great  difference  in  the  character  of  the 
drift  in  the  north  and  northeast  and  that  of  the  west  (Mississippi  Val- 
ley). He  felt  that  the  glacial  theory  alone,  as  then 
thSSriittTsSdr**"  understood,  could  not  account  for  these  deposits  north 
of  the  Ohio  any  more  than  for  the  Osage  sand  delta 
south  of  it.  Though  referring  to  Agassiz's  observation  regarding 
''the  melting  snow  of  the  declining  glacial  epoch"  and  its  instru- 
mentality in  forming  river  terraces,  he  adopted  as  more  plausible  the 
idea  first  announced  by  Toumey  to  the  effect  that  the  southern  drift 
may  have  been  formed  in  consequence  of  the  sudden  melting  of  the 
northern  glaciers,  ''such  as  would  have  resulted  from  a  first  rapid 
depression  of  so  large  a  mass  of  ice  below  the  snow  line."  At  fii-st  the 
flood  action  would  be  violent,  producing  the  deep  erosion  of  the  under- 
lying formations  and  the  transportation  and  redeposition  in  mass  of 
their  materials.  After  the  first  rush,  the  stratified  deposits  would  be 
formed,  mingled  with  more  or  less  bowlder  material  from  floating  ice. 
The  influx  of  cold  water  from  the  north  would,  he  thought,  account 
for  the  absence  of  signs  of  life  in  the  deposits.  The  "grandly  simple 
means  of  a  single  elevation  and  redepression  in  the  northern  latitudes 
*  *  *  will  equally  satisfy  the  conditions  required  for  the  forma- 
tion of  tl^  western  and  southern  drift." 

W.  C.  Kerr,  who  succeeded  Professor  Emmons  as  State  geologist  of 

North  Carolina,  received  his  commission  on  April  4,  1866,  and  con- 

'  tinned  in  service  until  the  time  of  his  death,  in  1885. 

workinNofiii  His  first  Report  of  Progress,  submitted  in  Januarv, 

CaroMna.  1866-1869.  ^^^^  *^  ,*=*  '^  .  ,.,," 

1867,  was  an  octavo  volume  of  56  pages,  m  which  the 
purposes  of  the  survey  were  set  forth  and  a  summary  of  the  geology 
of  the  western  part  of  the  State  given,  so  far  as  known.     The  rocks  of 
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this  western  area  were  regarded  as  belonging  '*  to  the  most  ancient  of 
the  Azoic  series,"  and  to  have  been  above  sea  level  since  very  ancient 
times.  As  with  his  predecessors,  Kerr  was  troubled  to  account  for 
the  drift,  noting  that  while  it  occurred  far  beyond  the  limits  usually 
ascribed  to  glacial  action,  yet  there  were  ''  numerous  phenomena  which 
have  no  other  plausible  explanation." 

Kerr's  second  report,  submitted  in  1869,  was  of  equal  brevity,  but 
naturally  contained  more  of  the  results  of  the  author's  personal  obser- 
vations. He  noted  that  the  mountains,  plateaus,  and  valleys  of  the 
French  Broad  and  Lower  Catawba  areas  owed  *^  their  existence  and  all 
the  details  of  their  form  and  position  to  the  action  of  water,  the  basins 
*  *  *  being  *  ♦  ♦  without  exception,  valleys  of  erosion,  hav- 
ing in  no  case  an  anticlinal  or  synclinal  origin." 

The  entire  western  portion  of  the  State  he  considered  as  consisting 
of  four  groups  or  fonnations,  first,  the — 

Cherokee  slates  along  the  Smoky  Mountains,  on  the  northwest  border,  consisting 
of  clay  slates  and  shales,  sandstones,  grits,  conglomerates,  and  limestones;  second, 
the  Buncombe  group,  occupying  the  larger  portion  of  the  great  transmontane  pla- 
teau between  the  Blue  Ridge  and  Smoky  Mountains,  and  consisting  of  gneissic  and 
granitoid  rocks;  thinl,  the  Linville  slates,  a  narrow  belt  streU'hing  for  the  most  part 
along  the  Blue  Ridge  and  composed,  like  the  first  group,  of  seinimetamorphic  argil- 
laceous slates  and  shales,  sandstones,  limestone,  and  gneissoid  grits;  fourth,  the 
Piedmont  group,  gneissic  and  granitoid. 

He  noted  further  that  these  four  groups  constituted  two  recurrences 
of  the  same  rocks,  in  the  same  order,  recalling  Rogers's  theory  of  redu- 
plication by  folding  and  overturns,  as  worked  out  in  Pennsylvania. 

John  L.  Le  Conte,  a  cousin  of  the  Joseph  Le  (>onte,  elsewhere 
noted,  is  known  to  science  rather  through  his  entomological  than  geo- 
logical writings.  Five  papers  are  credited  to  his  pen  by  Darton  in  his 
John  L.  Le  Contc's  Catalogue  and  Index  of  North  American  Geology.  Of 
Raiimd'su^ey  these,  the  most  important  and  the  only  one  that  need 
*^*^-  here  be  considered  is  one  on  the  geology  of  the  survey 

for  the  extension  of  the  Union  Pacific  Railroad  from  the  Smoky  Hill 
River,  Kansas,  to  the  Rio  Grande.  He  made  a  detailed  study  of  the 
coal  beds,  and  on  the  basis  of  their  molluscan  remains  maintained  that 
such  were  of  Cretaceous  age  rather  than  Tertiary,  as  claimed  by 
Lesquereux.  His  reasoning  as  to  the  relative  value  of  botanical  and 
molluscan  remains  for  determining  the  age  of  beds  is  worthy  of  note. 
He  wrote:  "The  difference  between  the  plants  of  our  early  Cretaceous 
and  those  of  the  European  middle  Tertiary  could  be  ascertained  only 
after  much  discussion  and  by  the  stratigraphy  of  the  region,  and  we 
have  no  right  from  a  few  resemblances  in  vegetables  to  infer  the  syn- 
chronism either  of  the  western  lignite  beds  with  each  other,  or  any  of 
them  with  the  European  Eocene  and  Miocene,  except  when  supported 
by  paleontological  evidence  derived  from  animal  remains/'  In  this 
most  geologists  will  now  agree  with  him.  L.,y,u.edbyGoOQlc 
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Le  Conte's  views,  as  shown  in  this  report,  concerning  the  general 
development  of  the  western  portion  of  the  continent,  indicated  an 
ability  to  deal  with  the  larger  problems  of  geology  in  a  philosophical 
and  highly  satisfactory  manner,  and  it  is  perhaps  to  be  regretted  that 
he  should  have  allowed  himself  to  be  drawn  off  into  other  pursuits. 
As  noted,  this  paper  was  the  most  impoi-tant  of  his  geological  writings, 
as  it  was  also  the  last. 

The  second  geological  survey  of  Iowa  was  inaugurated  in  April, 

1866,  with  Dr.  Charles  A.  White  as  director,  and  Orestes  St.  John, 

principal  geological  assistant.     The  survey  continued  to  the  end  of 

1869,  results  being  published  in  the  form  of  two  royal 

lowL^iMS^iSdp!     octavo  volumes,  comprising  all  told  some  443  pages, 

with  a  colored  geological  map  of  the  entire  State. 

As  Hall  and  Whitney  had  devoted  a  large  portion  of  their  attention 
during  the  previous  survey  to  the  eastern  part  of  the  State,  so  White 
devoted  himself  mainly  to  an  investigation  of  the  phenomena  of  the 
western  part.  He  found  reason,  as  noted  in  his  introductory  letter  to 
the  governor,  to  discourage  all  explorations  for  mineral  oils  or  precious 
metals  in  the  State,  and  also  pointed  out  the  hazard  of  exploring  for 
coal  beyond  the  northern  and  eastern  boundaries  of  the  coal  field  as 
designated  in  his  geological  map.  He  also  showed  that,  though  iron 
ore  of  a  good  quality  had  frequently  been  found  in  the  State,  the 
deposits  were  always  limited.     In  all  of  these  points  he  was  correct. 

Considerable  attention  was  given  to  the  peat  deposits  and  an  esti- 
mate made  of  the  amount  of  material  within  the  State  limits  which 
could  be  utilized  for  fuel  purposes  should  occasion  demand. 

Among  the  phenomena  of  lesser  importance  he  called  attention  to 
the  moving  of  the  bowlders  on  the  shores  of  lakes  and  piling  them 
into  wall -like  masses  through  the  expansive  action  of  the  freezing 
water.  The  so-called  Bluff  deposit  he  considered  to  be  of  more  recent 
origin  than  the  drift,  and  referred  it  to  the  earliest  part  of  the  so-called 
Terrace  epoch,  the  material  composing  it  having  originated  by  fluvia- 
tile  erosion  immediately  upon  the  close  of  the  Glacial  epoch,  being 
afterwards  deposited  as  a  lacustral  sediment  in  the  broad  depression  in 
the  surface  of  the  drift  left  b}^  the  retreating  glaciers.  He  differed 
entirely  with  Whitney  as  to  the  cause  of  the  absence  of  trees  in  the 
prairie  region,  and  felt  no  hesitation  in  declaring  that  the  real  cause 
of  the  existence  of  the  prairies  in  Iowa  was  the  recurrence  of  the 
annual  fires. 

He  divided  the  formations  of  the  State  into  Azoic,  Lower  Silurian, 
Upper  Silurian  and  Devonian,  Carboniferous,  and  Cretaceous  syst;ems, 
and  regarded  the  Sioux  Falls  quartzite,  with  its  associated  pipestone, 
as  belonging  to  the  Azoic.  The  Potsdam  sandstone,  which  he  found 
reaching  a  thickness  in  the  State  of  about  300  feet,  he  thought  to  be 
probably  overlying  this  Sioux  quartzite.  This  view  is  generally  held 
to-day.  ^"'"'^""^ d- 
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White  regarded  it  as  evident  that  there  was  no  hope  of  profitable 
lead  niining  within  the  limits  of  the  State  in  the  Lower  Magnesian 
limestone,  in  this  agreeing  with  Whitney  (p.  ^k^S).  For  the  so-called 
Hudson  River  shales  of  Hall  he  substituted  the  name  of  Maquoketa 
shales.  All  the  Devonian  rocks  of  the  State  he  referred  to  the  Ham- 
ilton period. 

He  found  a  strict  conformability  in  all  the  rocks  from  the  Potsdam 
sandstones  to  the  Keokuk  limestone,  inclusive,  but  between  this  last 
and  the  rocks  of  the  Coal  Measures  an  unconformability  and  also  one 
between  the  St.  Louis  limestone  and  the  older  formations  of  the  sub- 
Cretaceous  group.  Instead  of  there  being  only  one  f  oi-mation  of  Car- 
boniferous limestone,  as  had  been  generally  supposed,  White  claimed 
to  have  found  two,  each  possessing  similar  lithological  but  different 
paleontological  characteristics,  the  one  overlying  and  the  other  under- 
lying the  coal-producing  stmta. 

The  various  folds  found  in  the  strata  of  the  Iowa  rocks  he  regarded 
as  all  having  taken  place  subsequent  to  the  deposition  of  the  latest 
strata  of  Carboniferous  age  and  before  any  of  those  of  Cretaceous  age 
were  deposited. 

The  gypsum  deposits  were  thought  to  be  presumably  of  Mesozoic 
age  and  as  having  originated  through  chemical  precipitation  in  com- 
paratively still  waters  which  were  saturated  with  sulphate  of  lime  and 
destitute  of  life.  The  fact  that  these  deposits  contained  no  fossils 
rendered  the  exact  determination  of  their  geological  age  a  matter  of 
some  difficulty.  It  is  therefore  well  to  note  that  Keyes  in  his  report 
in  1895  refers  them  to  the  upper  part  of  the  Mesozoic — the  Cretaceous." 

White,  it  should  be  noted,  had  in  I860*  described  in  considei-^ble 
detail  the  rocks  and  their  included  fossils  in  the  vicinity  of  Burling- 
ton, Iowa.  He  identified  here  eight  beds,  the  lower  six  of  which  he 
regarded  as  the  equivalent  of,  though  not  necessarily  contempora- 
neous with,  the  Chemung  of  New  York.  The  two  upper  beds,  which 
were  of  limestone,  he  regarded  as  Carboniferous,  though  he  remarked 
that  the  line  drawn  between  the  two  formations  was  largely  imagi- 
nary, indicating  merely  the  limit  where  the  Devonian  species  ceased  to 
predominate  and  upward  from  which  the  Carboniferous  species 
flourished  in  full  force. 

It  was  suggested  that  the  Devonian  species  might  have  originated 
at  the  east  and  migrated  westward  during  the  time  that  the  bottom  of 
the  Chemung  sea  was  gradually  sinking  and  receiving  the  deposits 
forming  the  Old  Red  sandstone,  thus  making  the  Devonian  rocks 
equivalent  to  the  New  York  Chemung  and  contemporaneous,  in  part 
at  least,  with  the  Old  Red  Sandstone  of  the  Catskill  Mountains.^ 


«  Report  of  the  State  Geological  Survey  of  Iowa,  VII,  1895. 
ft  Boston  Journal  of  Natural  History,  VIII,  ia59-I8H3,  pp.  205-2:i5. 
c  All  of  the  flix  beds  then  supposed  to  hf*  Devonian  are  now  commonly  reganle<l  aa 
belonging  to  the  basal  Carboniferous  (  Kiiiderhook).  L^y  u^eu  uy  ^^^^^^^ 
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Later  (in  ISOH)  Niles  and  Wachsmuth  studied  the  upper  beds,  which 
had  l>econie  known  as  the  Burlington  limestone,  and  were  led  by  the 
crinoidal  remains  to  regard  the  two  divisions  as  two  independent  for- 
mations, which  they  designated  as  the  Lower  and  Upper  Burlington, 
a  su})division  which  still  holds. 

Safford's  final  report  on  the  geology  of  Tennessee  did  not  appear 
until  1869,  having  been  delayed  by  the  incidents  of  the  civil  war.     It 

was  accompanied  by  a  col- 
ored geological  map  of  the 
State,  and  a  geological  sec- 
tion,  un- 

Safford's  Pinal  Rcfwrt  ,  ^  . 

on  the Qeoloffy  of  COlored, 

lee,  1869.  ^ 


extending 
from  the  Unaka  chain  on  the 
oast  of  the  Mississippi,  and 
giving,  on  the  whole,  a  very 
comprehensive  and  easily  un- 
derstood idea  of  the  physical 
geography  and  geology  of 
the  State,  as  well  as  its  eco- 
nomic resources.  He  here 
called  attention  to  the  fre- 
quent recurrence  of  the  same 
formation,  or  series  of  for- 
mations, met  with  in  cross- 
ing East  Tennessee,  and 
accounted  for  the  phenom- 
ena on  the  theory  that  the 
bed  had  been  thrown  into  a 
series  of  parallel  and  closely 
compressed  and  overturned 
folds,  the  crCvSts  of  which  had 
been  subsequently  denuded 
(see  p.  488). 

Although  on  his  map  a  section  of  the  Ocoee  conglomerate  was  put 
down  as  belonging  at  the  top  of  the  Azoic  series,  in  his  chapter  on  the 
Potsdam  group  it  was  stated  that  the  Ocoee  conglomerate  and  slates, 
Chilhowee  sandstones,  and  Knox  group  of  shales,  dolomites,  and  lime- 
stones might  be  regarded  as  a  formation  which  corresponds  to  Dana''s 
Potsdam  period,  and  that  it  was  no t. easy  to  separate,  lithologically, 
the  Ocoee  su})group  from  the  Chilhowee,  as  they  often  run  into  each 
other. 

The  main  bulk  of  the  report  was  given  up  to  a  discussion  of  the 
distribution,  lithologiciil  nature,  and  chanicteristic  fossils  of  the  vari- 
ous formations.     He  was  disposed  to  regard  the  Porter's  Creek  group 


:harles    Abiathor    White, 
Orestes  St.  John. 


Rush    Emery,  and 
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of  the  Tertiary  as  distinct  from  the  Orange  sand,  this  latter  name 
having  been  originally  provisionally  applied  by  him  to  a  series  of 
strata  which  he  regarded  as,  for  the  most  part,  equivalent  to  Hilgard's 
northern  lignitic.  The  general  grouping  of  the  formations,  from  the 
Cretaceous  upward,  was  essentially  the  same  as  had  been  given  by 
him  in  a  previous  paper  in  the  American  Journal  of  Science  (1864), 
and  which  is  as  follows,  beginning  at  the  bottom: 

1.  Coffee  sand Cretaceoue. 

2.  Green  sand  or  the  shell  be<i Cretaceous. 

3.  Ripley  group  (provisional) Cretaceous. 

4.  Porter's  Creek  group  (provisional) Tertiary  (?) 

5.  Orange  sand  or  Lagrange  group Tertiary. 

6.  Bluff  lignite  (provisional) Tertiary  (?) 

7.  Bluff  gravel Poet-Tertiary. 

8.  Bluff  loam Post-Tertiary. 

9.  Bottom  alluvium Modern. 

Fifteen  new  species  of  invertebrate  fossils  were  described.  The 
work  does  not  seem  to  have  attracted  much  attention  at  the  time,  and 
was  given  but  a  half -page  review  in  the  American  Journal  of  Science 
for  that  year.  In  this,  attention  was  merely  called  to  the  fact  that  Saf- 
ford  differed  with  Hilgard  on  the  question  of  the  age  of  the  Orange 
sand. 

In  1869  E.  W.  Hilgard,  acting  under  the  auspices  of  the*New  Orleans 
Academy  of  Sciences,  made  a  reconnaissance  of  Louisiana,  a  summary 
of  the  results  of  which  was  published  in  the  American  Journal  of  Sci- 
ence for  1869.  The  expense  of  the  trip  was  paid  partly 
LoiKIuia.^sdP.'"  ^y  subscription  and  partly  by  an  appropriation  by  the 
State  Board  of  Immigration,  and  the  time  limited  to 
thirty  days.  The  journey  (some  625  miles)  was  made  mainly  on  horse- 
back, passing  Petite  Anse  and  New  Iberia  on  the  T^che  by  way  of 
Opelousas  to  Bayou  Chicot;  thence  to  the  Calcasieu  River,  down  that 
stream  to  Lake  Charles  and  the  sulphur  and  petroleum  wells,  on  the 
West  Fork  of  the  Calcasieu  River;  thence  north  to  Sabine  Town,  Texas; 
thence  by  way  of  Many  to  Mansfield,  Louisiana;  thence,  crossing  Red 
River  at  Coushatta  Chute  landing  to  the  salines  on  Saline  Bayou,  and 
thence,  by  way  of  Winnfield  and  Harrisonburg  on  the  Ouachita  River, 
where  the  expedition  terminated.  Among  the  more  striking  results 
announced  was  the  fact  that  the  Gulf  coast  has  in  late  Quaternary 
times  suffered  a  depression  to  the  extent  of  at  least  900  feet,  and  dur- 
ing the  Terrace  epoch  a  contmry  motion  to  the  extent  of  about  half 
that  amount.  The  occurrence  of  sulphur  and  gypsum  beds  was  also 
noted.  The  various  formations  were  described  as:  The  Port  Hudson 
group,  the  Orange  sand  formation,  the  Grand  Gulf  formation,  the 
Vicksburg  group,  and  the  Mansfield  group. 

In  1869  the  geological  survey  of  Michigan,  which  had  been  brought 
to  a  close  in  1861  by  the  outbreak  of  the  civil  war,  was  resuscitated 
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through  an  act  of  the  legislature,  establishing  a  board  of  survey,  con- 
sisting of  the  governor  of  the  State,  the  president  of  the  board  of 
education,  and  the  superintendent  of  public  instruction,  with  power 
to  select  geologists,  disburse  the  money  appropriated, 
^'jvucMffLi^'i86^.  and  perform  other  necessary  acts.  Under  this  law 
Prof.  Alexander  Winchell  was  again  made  director,  and 
undertook  himself  the  investigation  of  the  Lower  Peninsula,  with  the 
assistance  of  his  brother  N.  H.  Winchell,  M.  W.  Harrington,  E.  A. 
Strong,  A.  M.  Wadsworth,  C.  B.  Ileadley,  A.  O.  Currier,  and  J.  H. 
Emerson.  Later  (1873-1876),  after  Winchell's  retirement,  C.  ROmin- 
ger  was  appointed  by  the  board  to  work  on  the  Lower  Peninsula  also. 

To  Maj.  T.  B.  Brooks,  as  a  State  geologist,  was  assigned  the  survey 
of  the  iron  regions;  to  Raphael  Pumpelly  that  of  the  copper  regions 
of  thi  Upper  Peninsula,  and  to  Carl  Rominger  a  study  of  the  Paleozoic 
rocks  and  their  associated  fossils.  Brooks's  report,  submitted  in  1873 
and  forming  part  one  of  the  first  volume  of  the  reports  of  this  survey, 
was  written  with  the  idea  of  making  it  ''as  complete  a  manual  as  pos- 
sible of  information  relating  to  the  finding,  extracting,  transporting, 
and  smelting  of  the  iron  ores  of  the  Lake  Superior  region."  With 
this  in  V  iew,  he  presented  in  the  order  here  given,  first,  an  historical 
sketch  of  the  discovery  and  development  of  the  iron  mines;  second, 
the  geology  of  the  Upper  Peninsula,  including  the  lithology;  third, 
the  geology  of  the  Marquette  iron  region;  fourth,  the  geology  of  the 
Menominee  iron  region;  fifth,  the  Lake  Gogebic  and  Montreal  River 
iron  ridge;  sixth,  a  chapter  on  exploration  and  prospecting  for  ore; 
and  seventh,  the  magnetism  of  rocks  and  use  of  the  magnetic  needle  in 
exploring,  concluding  with  chapters  on  the  method  and  cost  of  mining 
spei^ular  and  magnetic  ores  and  the  chemical  composition  of  the  ores. 

The  lithological  work  on  the  rocks  of  the  region  was  performed  by 
A.  A.  Julian,  of  New  York,  his  report  forming  the  second  volume 
(298  pages)  of  the  survey. 

Brooks's  work  contained  scarcely  an^^thing  of  a  speculative  nature 
and  but  little  as  to  the  origin  of  the  ores  themselves. 
Brooks's  Work.  With  reference  to  the  association  of  magnetic  and 
specular  ores,  he  wrote: 

If  we  suppose  all  our  ores  to  have  been  once  magnetic,  and  that  the  red  specular 
was  first  derived  from  the  magnetite  and  the  hydrated  oxide  (soft  hematites)  in  turn 
from  it,  we  have  an  hypothesis  which  best  explains  many  facts  and  will  be  of  use  to 
the  explorer. 

Again,  with  reference  to  the  ore  of  the  Negaunee  district: 

If  we  suppose  tepid  alkaline  waters  to  have  permeated  this  formation  and  to  have 
dissolved  out  the  greater  portion  of  the  siliceous  matter,  leaving  the  iron  oxide  in 
an  hydrated  earthy  condition,  we  would  have  the  essential  character  exhibited  by 
this  formation  a.s  developed  on  the  New  England,  Saginaw  range,  and,  as  will  be 
seen  afterward,  at  the  Lake  Superior  mine.  This  is  offered  not  so  much  as  an 
hypothesis  to  account  for  the  difference  as  to  illustrate  the  facts  observed. 
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This  view,  so  modestly  put,  contains  in  it,  however,  the  germ  of 
the  conclusions  arrived  at  by  Van  Hise  some  twenty-five  years  later.** 

He  noted  the  monoclinal  character  of  the  deposit  at  the  Washington 
mine  property  in  the  Marquette  region,  and  described  the  ore  of  the 
Lake  Superior  specular  and  hematite  workings  and  the  Barnum  mine 
as  occupying  the  position  of  ''  the  frustum  of  a  hollow  cone  lying 
with  its  axis  horizontal  and  its  small  end  toward  the  east,"  which  had 
l)een  cut  in  two  by  a  horizontal  plane  representing  the  surface  of  the 
ground. 

Other  points,  which  it  is  well  to  note,  since  Rominger  in  his  later 
report  had  occasion  to  disagree  with  him,  are  his  regarding  the  ores 
of  the  Cascade  Range  as  the  equivalent  of  the  Michigan  and  magnetic 
ores  of  the  Mishigami  district  and  as  older  than  any  of  the  iron  beds 
in  the  Republic  Mountain  series;  and,  sec- 
ond, the  Felch  Mountain  ore  deposit  as  be- 
longing to  the  lower  quartzite,  the  ore  itself 
resting  immediately  upon  and  being  bounded 
on  the  south  by  hornblendic,  micaceous,  and 
gneissic  rocks  which  are  undoubtedh'  Lau- 
rentian.  Subsequent  studies  by  Wadsworth, 
Van  Hise,  and  others  have  shown  him  to  be 
substantially  correct  in  both  of  these  con- 
clusions. 

Ill  health  prevented  Brooks  from  carry- 
ing out  his  work  in  as  thorough  a  manner 
as  he  wished,  and  his  letter  of  transmittal 

was  written  from  London,  he  having  gone     pio.  so-Thomas Benton  Bnwks. 
abroad  to  recuperate.   . 

Brooks,  as  may  readily  be  inferred,  was  an  eminently  practical  man. 
Indeed,  his  entire  tmining  was  of  a  practical  nature,  consisting  of  two 
years  at  the  School  of  Engineering  of  Union  College  and  a  single 
course  of  lectures  on  geology  under  Lesley  at  the  Uni- 
sketch  of  Brooks.  vcrsity  of  Pennsylvania.  His  early  work  was  in  con- 
nection with  land  surveys,  but  after  his  retirement 
from  the  Army  in  the  fall  of  1864  he  served  a  year  on  the  geological 
survey  of  New  Jersey  under  Cook,  and  then  in  1865  became  vice- 
president  and  general  manager  of  the  Iron  Cliff  mine,  near  Negaunee, 
in  the  Marquette  district  of  Michigan.  Here  he  began  that  geological 
work  upon  which  is  mainly  based  his  reputation.  The  difficulties 
which  he  encountered  were  such  as  can  be  scarcely  comprehended  by 
those  who  have  not  visited  the  region.  The  count r}^  was,  much  of  it, 
heavily  forested  and  swampy  as  well.  Outcrops  were  few  and  perhaps 
wholly  obscured  by  the  drift  or  by  undergrowth.    There  were  no  maps, 
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or,  at  best,  the  very  poor  ones  furnished  by  the  Land  Office,  no  rail- 
roads, and  transportation  was  limited  to  canoes  and  pack  animals. 
There  were  few  prospect  holes  and  fewer  developed  mines.  To  these 
difficulties  were  added  the  complications  due  to  repeated  folding  and 
squeezing  which  the  beds  had  undergone.  Yet  Brooks,  b}"  his  per- 
sistency and  originality  in  methods,  succeeded  in  producing  a  work 
of  value  as  a  scientific  production  as  well  as  of  the  greatest  use  to  the 
prospector — a  rare  combination,  indeed — and  a  work  which  has  been 
superseded  only  by  one  that  it  took  twenty  years  of  study  by  an  able 
corps  of  geologists  and  a  hundredfold  better  facilities  to  produce. 

Brooks  devised  the  dial  compass  and  adapted  the  dip  needle  to  the 
purposes  of  the  prospector.  Persistent  and  determined  to  succeed  in 
spite  of  the  poverty  of  appropriations,  he  expended  over  $2,000  of  his 
own  means  and,  worst  of  all,  sapped  his  own  vitality  in  the  work  to  the 
extent  that  he  became  a  confirmed  invalid  before  reaching  middle  age. 

As  already  intimated,  his  health  gave  out  in  1873  and  he  sought 
relief  abroad,  residing  in  London  and  Dresden,  where  his  reports  were 
completed.  After  his  return  to  this  country  in  1876,  he  resided  at 
Monroe  and  New])urgh,  New  York,  and  after  1883,  during  the  winters, 
.at  Bainbridge,  Georgia,  living  the  life  of  a  country  gentleman  and 
farmer. 

Pumpelly's  work  in  the  copper  district  is  of  interest  on  account  of 

Pumoeu  '»  Work      ^^^  thcorics  regarding  the  origin  of  the  copper  and  the 

1869^*^3"'  ^^®  ^"^  lithological  nature  of  the  copper-bearing  rocks. 

The  conclusions  at  which  he  arrived  were  as  follows: 

First,  the  cupriferous  series  was  formed  before  the  tilting  of  the  Huronian  beds 
upon  which  it  rests  conformably,  and  consequently  before  the  elevation  of  the  great 
Azoic  area,  whose  existence  during  the  Potsdam  period  predetermined  the  Silurian 
basins  of  Michigan  and  Lake  Superior.  Second,  after  the  elevation  of  these  rocks 
and  after  they  had  assumed  their  essential  lithological  characteristics,  came  the  depo- 
sition of  the  sandstone  and  its  accompanying  shales,  as  products  of  the  erosion  of 
these  older  rocks,  and  containing  fossils  which  show  them  to  belong  to  the  Lower 
Silurian,  though  it  is  still  uncertain  whether  they  should  be  referred  to  the  Potsdam, 
Calciferous,  or  Chazy. 

A  chapter  was  given  on  the  pai'agenesis  of  copper  and  its  associates. 
With  reference  to  these  subjects  he  wrote: 

It  is  still  an  open  question  whether  the  trap  which  formed  the  parent  rock  of  the 
melaphyr  was  an  eruptive  or  a  purely  metamorphic  rock.  If  it  was  eruptive,  it  was 
spread  over  the  bottom  of  the  sea  in  beds  of  great  regularity  and  with  intervals  which 
were  occupied  by  the  deposition  of  the  beds  of*  conglomerate  and  sandstones.  It 
should  seem  probable  that  the  copper  in  the  melaphyrs  was  derived  by  concentra- 
tion from  the  whole  thickness  of  the  sedimentary  members  of  the  group,  including 
the  thousands  of  feet  of  sandstones,  conglomerates,  and  shales  which  overlie  the 
melaphyrs,  and  including  melaphyrs  also. 

The  translocation  he  regarded  as  having  been  initiated  by  the  sul- 
phate of  copper  resulting  from  the  oxidation  of  the  sulphide,  but  as 
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this  salt  must  have  been  soon  decomposed  b}'  the  abundant  acid  car- 
bonate of  lime,  he  could  not  suppose  it  to  have  been  effectual  in  the 
final  concentration  of  the  large  deposits,  and  he  thought  it  more  prob- 
able that  this  las^t  was  accomplished  by  the  more  permanent  solution 
of  carbonate  and  silicate  of  copper. 

Fumpelly  was  assisted  by  A.  R.  Marvine,  L.  P.  Emerson,  and  S.  B. 
Ladd. 

Rominger's  report  on  the  Paleozoic  rocks  of  the  Upper  Peninsula 
formed  part  3  of  the  third  volume  of  the  Sui-vey  reports  (1873).  His 
second  appeared  in  1876,  forming  one  of  the  four  large  octavo  volumes 
of  the  Survey,  comprising  altogether  some  386  pages. 
In  MicbSfM,'i873-  with  55  plates  of  fossils,  and  a  colored  geological  map 
of  the  area  surveyed.  The  geological  portion  contains 
a  record  of  the  characteristic  rocks,  their  geographical  distribution, 
and  the  fossils  they  contain.  It  is  to  be  noted  that  Rominger  showed 
a  disposition  to  disagree  in  many  of  his  conclusions  with  Winchell, 
Brooks,  and  others  who  had  preceded  him. 

The  presence  of  large  bowlders  in  the  nudst  or  on  top  of  well-stratified 
drift  layers  he  conceived  to  be  due  to  the  transportation  of  the  material 
by  means  of  swimming  icebergs  during  periods  of  flood.  In  this  he 
agreed,  substantially,  with  Dawson,  of  the  Canadian  Survey.  The 
dolomites  of  the  Ida  quarries,  which  Winchell  identified  as  belonging 
with  the  Onondaga  salt  group  (Upper  Silurian),  he  considered  as  Upper 
Helderberg  (Middle  Devonian),  and  he  stated  that  the  mapping  by 
Winchell  of  Upper  Helderberg  rocks  throughout  a  great  portion  of 
Cass,  Van  Buren,  and  all  over  Berrien  County,  was  an  error.  He  also 
differed  with  Winchell  regarding  the  stratigraphic  position  of  the 
Hamilton  rocks  of  Big  Traverse  Bay.  Winchell's  Huron  shales  he 
considered  from  paleontological  evidence,  to  be  identical  with  the 
Cuyahoga  shales  of  the  Ohio  geologists,  and,  therefore,  belonging  to 
the  lower  part  of  the  Carboniferous  rather  than  the  Upper  Devonian. 
He  also  accused  Winchell  of  a  peculiar  stratigraphic  blunder  in  pre- 
paring a  section  west  of  Flat  Rock; 

ITnfortunately  this  section  is  laid  across  a  synclinal  undulation  of  the  formation, 
and  begins  at  one  end  with  the  same  rock  beds  (Marshall  sandstone),  which  on  the 
other  end  are  found  very  near  the  base.  Under  the  impression  that  he  was  all  the 
while  descending,  he  stands  again  on  the  horizon  from  which  he  started. 

The  salt  brines  of  the  .State,  according  to  Rominger,  are  derived 
from  rocks  of  the  Waverly  group,  and  not  from  those  of  a  higher 
horizon,  which  Winchell  had  designated  as  the  Michigan  salt  group. 

Rominger  also  made  reports  on  soils,  building  stones,  and  slate 
quarries,  and  on  the  Ontonagon  silver  mining  district.  What  is  per- 
haps the  most  valuable  part  of  the  report  is  that  relating  to  the  fossil 
corals,  which  was.  for  its  time,  unsui^passed. 
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Subsequenth^  (1881)  Rominger,  still  acting  as  a  State  geologist 
(187S-1880),  issued  a  report  on  the  Upper  Peninsula,  which  dealt 
almost  entirely  with  the  economic  problems  of  the  iron  region. 

He  regarded  the  region  about  Marquette  as — 

a  Bynclinal  trough  of  granite  which,  by  the  upheaval  of  its  northern  and  southern 
margins,  caused  the  inclasure  of  the  incumbent  sedimentary  strata  between  it«  walls 
and  their  simultaneous  uplift  and  corrugations  into  parallel  folds  by  the  lateral 
pressure  from  its  rising  and  approaching  edges. 

Concerning  the  origin  of  the  iron  ores  of  the  Upper  Peninsula,  he 
wrote: 

These  ore  deposits  are  not  regular  8e<limentary  layers  originally  formed  of  iron 
oxide  in  a  state  of  purity,  but  are  evidently  the  product  of  decomposition  of  the 
impurer  mixed  ferruginous  ledges  by  percolating  water,  leaching  out  the  ailiceoue 
matter  and  replacing  it  by  the  deposition  of  oxide  of  iron  held  in  solution. 

This  view  is  not  greatly  different  from  the  conclusion  reached  by 

Brooks,  as  already  noted,  and  subsequently 
by  Van  Hise. 

His  views  as  to  the  origin  of  serpentinous 
rocks  were  not  at  all  clear.  Writing  with 
particular  reference  to  those  of  Presque 
Isle,  he  remarked  that  they  occur — 

generally  in  bulky,  nonstratified  masses  which,  if 
they  ever  originated  from  mechanicral  sedimentiiry 
dei)osits,  are  by  chemical  action  so  completely  trans- 
formed as  to  efface  all  traces  of  their  former  detrital 
stnicture.  They  resemble  volcanic  eruptive  rocks 
forced  to  the  surface  in  a  soft,  plastic  condition,  and 
most  likely  heat  was  one  of  the  prime  agents  in  their 
formation,  or  else  transformation,  in  combination 
Fui.  81.— Carl  Rominger.  with  aqueous  vapors. 

Rominger,  in  his  first  report,  that  on  the  Paleozoic  rocks  of  the 
copper  district,  took  the  ground  that  the  Silurian  age  of  the  Lake 
Superior  sandstone  was  uneq  ui vocal h'^  proved  by  its  stratigraphical 
position.  This  is  the  view  now  genemlly  held,  though  the  Potsdam 
period,  to  which  the  beds  arc  referred,  is  now  considered  as  the  upper 
part  of  the  Cambrian  instead  of  the  Lower  Silurian,  as  at  that  date. 

Rominger's  career,  like  that  of  Lesquereux  and  others  that  might 

be  mentioned,  offers  an  interesting  illustration  of  the 

Sketch  of  Rominser.  difficulties  with  which   the  early  naturalists  had  to 

contend,  particularly  when  foreigners  and  but  little 

acquainted  with  the  language  of  their  adopted  country. 

Born  in  Wurtemberg,  he  came  to  America  in  1848  on  account  of  revo- 
lutionary disturbances,  and  without  previous  preparation.  Though 
trained  as  a  physician  and  geologist,  yet  his  poor  command  of  Eng- 
lish he  felt  excluded  him  from  associating  with  scientific  men,  and, 
being  without  financial  resources,  he  established  himself^as  a  physi- 
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cian  in  Cincinnati,  a  city  containing  a  large  German  population, 
Here  he  remained  for  twenty-five  years,  improving  himself  in  the 
language  and  devoting  what  time  could  be  spared  from  his  profes- 
sional duties  to  the  study  of  paleontology  and  geology.  In  1870, 
through  the  influence  of  James  Hall  and  others,  he  was  appointed  one 
of  the  geologists  of  the  Michigan  survey  under  Winchell,  ultimately 
himself  becoming  director,  in  which  position  he  remained  until  1883, 
when,  under  a  new  administration,  he  was  removed  to  make  room 
for  another. 

His  bibliography,  although  not  numerous,  is  important,  particularly 
that  relating  to  paleontological  matters.  It  had  been  his  intention  to 
continue  his  work  on  the  fossil  corals,  but  the  political  changes  above 
mentioned  prevented.  The  edition  of  his  work  issued  by  the  State 
being  insufficient  to  supply  the  demand,  Rominger  had  printed  250 
copies  at  a  personal  expense  of  $4.75  each,  hoping  to  be  able  to  sell 
them  at  least  for  the  same  figure.  But  this  proved  impossible,  and  he 
suffered  a  direct  loss  thereby  of  not  less  than  $800. 

A  second  geological  survey  of  Ohio  was  inaugurated  in  1869,  and 
J.  S.  Newberry  appointed  chief  geologist.    This  survey  was  continued 
in  operation  until  1878,  when  it  was  discontinued,  owing  to  a  disagree- 
ment between  Dr.  Newberry  and  the  legislature  (see 
oio^^^tsis.   P-  ^^1)^  by  withholding  the  appropriations. 

During  the  period  of  its  existence  two  annual  reports 
and  four  volumes  of  a  final  report  were  published,  the  latest  bearing 
on  the  title-page  the  date  of  1882.  Of  these  the  first  volume  was 
given  up  to  geology,^  the  second  and  third  to  paleontolog}^  and  the 
fourth  to  zoology  and  botany.  The  first  volume  was,  however,  issued 
in  two  parts,  of  which  Part  1  only  was  strictly  geological,  and  Part  11 
paleontological.  A  third  paleontological  volume  to  be  devoted  to  the 
Carboniferous  flora  was  projected  but  never  appeared,  owing  to  failure 
of  the  legislature  to  make  the  necessary  appropriations. 

Newberry's  principal  assistants  in  1869  were  E.  B.  Andrews,  Edward 
Orton  (who  afterwards  became  State  geologist),  and  John  H.  Klippart. 
In  1870  the  force  was  increased  by  the  employment  of  T.  G.  Wormley 
as  chemist,  and  G.  K.  Gilbert,  M.  C.  Read,  Henry  Newton,  and  W.  B. 
Potter  as  local  assistants.  As  one  of  the  results  of  their  investigations 
it  was  announced  that  the  so-called  Cliff  limestone  had  been  resolved 
into  seven  distinct  formations  belonging  to  the  two  great  geological 
systems — the  Devonian  and  Upper  Silurian.  The  discovery  of  Oriskany 
sandstone  in  the  northwest  quarter  of  the  State  was  announced  and 
the  Carboniferous  age  of  the  rocks  of  the  Waverly  group  thought  to 
have  been  established  on  paleontological  evidence.  This  lias,  however, 
been  since  shown  to  be  erroneous. 


«An  edition  of  2,000  copies  of  this  report  was  printed  in  tlie  Cierman  language,  aa 
were  also  the  annual  reports  of  Rogers's  Sur\'ey  of  Pennsylvaniaym^eu  uy  ^ji^OQIC 
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Beginning  with  the  later  Tertiary  times,  the  following  sequence  of 
events  was  established: 

(a)  In  the  Miocene  and  Pliocene  epochs  a  continent  several  hundred 
feet  lower  than  now,  the  ocean  reaching  to  Louisville  and  Iowa,  with 
a  subtropical  climate  prevailing  over  the  lake  region,  the  climate  of 
Greenland  and  Alaska  being  as  mild  as  that  of  southern  Ohio  is  now, 
while  herds  of  gigantic  mammals  ranged  over  the  plains. 

(h)  A  preglacial  epoch  of  gradual  continental  elevation  which  cul- 
minated in  the  glacial  epoch,  when  the  climate  of  Ohio  was  similar  to 
that  of  Greenland  at  present,  and  glaciers  covered  a  large  part  of  the 
surface  down  to  the  parallel  of  forty  degrees. 

(c)  This  period  was  followed  by  another  interval  of  continental  sub- 
sidence characterized  by  a  warmer  climate  and  melting  of  the  glaciers 
and  by  inland  fresh-water  seas  filling  the  lake  basin,  and  in  which 
were  deposited  the  Erie  and  Champlain  clays,  sands,  and  bowlders. 

(d)  Another  epoch  of  elevation  which  is  still  in  progress. 

Much  attention  was  given  to  economic  geology  and  the  study  of  the 
coal  beds.  From  analyses  it  was  shown  that  the  change  from  woody 
tissues  to  peat  or  lignite,  and  thence  to  bituminous  and  anthracite  coal 
and  plumbago  consisted  in  the  evolution  of  a  portion  of  the  carbon, 
hydrogen,  and  oxygen,  leaving  a  constantly  increasing  percentage  of 
carbon  behind.  This  evolution  Newberry  conceived  to  be  due  to  the 
disturbances  which  resulted  in  the  uplifting  of  the  mountain  chains 
and  metamorphosed  the  included  rocks. 

The  coal  beds  of  Ohio,  it  should  be  noted,  were  considered  as 
always  having  been  separated  from  those  of  Illinois  by  the  Cincin- 
nati anticline.  This  Cincinnati  uplift  or  arch  was,  in  the  report  for 
1869,  regarded  as  having  formed  a  land  surface  over  a  considerable 
portion  of  its  length  at  least  during  the  earlier  and  probably  through- 
out all  the  Devonian  ages.  Later,  in  discussing  the  work  of  Orton 
ill  Adams  County,  Newberr}-  wrote: 

Here  we  have  an  indubitable  record  of  the  elevation  of  the  Cincinnati  an!h  between 
the  Upper  and  Lower  Sihirian  ajjen,  and  proof  that  it  is  far  older  than  the  Appala- 
chian Bynteni,  with  which  it  has  l)een  commonly  associated. 

The  carbonaceous  matter  of  the  Huron  shales  was  suggested  as 
prol)ably  due  to  an  abundance  of  seaweeds  which  flourished  in  a  kind 
of  Saragossa  sea  which  occupied  that  region  during  the  period  of 
deposition. 

The  petroleum  and  gas  filling  the  cavities  and  interstices  in  the 
sandstones  and  conglomerates  in  the  Oil  Creek  region  were  regarded 
as  not  indigenous  to  those  rocks,  but  rather  as  originating  in  the 
lower-lying  Huronian  shales,  from  whence  they  had  been  forced 
upward  by  h^'drostiitic  pressun^ 

The  dolomitic  character  of  the  rocks  of  the  Clinton,  Niagara,  and 
Water-lime  series  was  jiscribed  to  '^a  vital  rather  than  a  chemical  or 
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physical  cause,"  and  the  occurrence  of  a  large  percentage  of  magnesia 
in  the  hard  parts  of  some  groups  of  marine  invertebrates,  as  the  Milli- 
pores,  cited  as  a  possible  explanation  of  the  origin  of  the  rock,  in  this 
following  a  suggestion  made  by  Dana  in  the  report  of  the  Wilkes 
Exploring  Expedition. 

The  sheet  of  clay  and  bowlders  which  was  found  directly  overlying 
the  polished  surface  of  the  rocks  over  so  large  a  part  of  the  State,  and 
which  is  now  known  as  till  and  bowlder  clay,  was  described  under  the 
name  of  glacial  drift,  while  the  loose  bowlders  which  are  indiscrimi- 
nately scattered  over  the  State,  frequently  resting  on  the  fine  strati- 
fied clays,  were  known  under  the  name  of  ''iceberg  drift." 

Newberry  conceived  that,  during  the  latter  part  of  the  glacial  period, 
a  great  inland  sea  of  fresh  water  filled  the  basins  before  occupied  by  ice, 
the  northern  shore  of  which  was  formed  by  the  ice  wall  at  the  foot  of 
the  glacier.  The  mud  which  was  brought  into  this  lake  through  the 
grinding  action  of  the  glacier  and  there  de- 
posited formed  the  so-called  Erie  cla3's. 

For  the  rocks  of  the  so-called  hlue  lime- 
stmie  series  of  the  early  geological  surveys 
he  adopted  the  name  Cincinnati  group,  as 
first  applied  by  Meek  and  Worthen.  The 
g\^psum  of  the  Salina  group  was  regarded  as 
precipitated  in  continuous  sheets  and  not  to 
have  resulted  from  a  change  in  the  ordinary 
limestones  by  sulphuric  acid,  as  had  been 
claimed  for  the  gypsum  beds  of  New  York. 
This  is  the  view  now  commonly  accepted. 

It  appears  that  Colonel  Whittlesey  was 
an  aspirant  for  the  position  of  State  geolo- 
gist at  the  time  of  Newberry's  appointment, 

and  to  judge  from  the  tone  of  an  article  by  Newberry  published  in  the 

Cincinnati  Comniercial,*  adopted  rather  unfair  means  to  throw  discredit 

berrv  upou  the  lattcr's  work.     In  his  reply  Newberry  was 

whitticMy  very  bitter,  stating"  that  whatever  may  have  been  his 

Controversy,  1870.  *^  ,.^,'       .  ^  ,  ,     ,,ri  .     i 

own  qualifications  for  the  work,  Whittlesey  was  too  old 
and  in  too  poor  health  to  do  good  work,  and  also  that  he  was  not  a  good 
geologist;  that,  further,  he  held  to  certain  geological  heresies  which 
would  impair  his  work;  that  he  believed  in  the  mineral  origin  of  coal, 
and  that  the  brown  hematite  ores  of  the  AUeghenies  were  interst ratified 
with  the  limestones  instead  of  being  mere  pockets.  He  further  claimed 
that  Whittlesey  was  no  paleontologist,  and  without  paleontology  no 
man  could  be  a  good  geologist.  As  an  illustration  of  his  deficiency 
in  this  respect,  Newberry  referred  to  his  (Whittlosoy's)  paper  on  the 


Fig.  82.— Charles  Whittlesey. 


"March  28,  1870. 
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Equivalency  of  the  Rocks  of  Northeastern  Ohio,  in  which  he  identified 
certain  rocks  as  equivalent  with  the  Chemung,  Portage,  and  Hamilton 
groups,  of  New  York,  on  paleontological  grounds,  whereas  in  fact 
every  one  of  the  twelve  species  of  fossils  on  which  this  identification 
was  based  was  wrongly  named,  the  fossils  actually  being  wholly  of 
Carboniferous  age. 

Dr.  E.  Andrews,  who  was  one  of  Newberry's  assistants  on  the  Ohio 
geological  survey,  in  the  American  Journal  of  Science  for  1869,  wrote 
on  the  western  bowlder  drift,  and  took  the  ground  that  the  fresh-water 

submersfence  which  deposited  the  loess  was  not  a  con- 
the  Qiadai  Drift,        tmuation  of  the  drift  action,  but  was  m  that  region 

separated  from  it  by  a  tranquil  period  during  which 
the  rivers  were  down  within  their  banks.  As  a  whole,  the  western 
drift  was,  he  thought — 

beyond  all  question  a  stratified  water  deposit.  A  study  of  the  cliffs  eroded  by  the 
lakes,  showing  both  modified  and  unmodifietl  drift,  has  obliged  those  western  geolo- 
gists most  familiar  with  the  sections  to  abandon  the  glacial  theory  and  admit  that 
the  bowlder  drift  of  this  region  is  altogether  an  aqueous  deposit,  though  the  waters 
floated  vast  quantities  of  ice. 

He  described  the  occurrence  of  bowlders  of  loose  gravel,  sometimes 
3  feet  in  diameter,  in  the  clay  passed  through  in  digging  the  tunnel 
under  the  lake  for  the  Chicago  waterworks  extension.  Such  he 
regarded  as  masses  of  frozen  gravel  dropped  from  floating  ice.  With 
reference  to  the  gravel  deposits  on  the  peninsula  between  Green  Bay 
and  Lake  Michigan,  covering  an  area  of  4,000  square  miles,  he 
wrote: 

The  stratified  character  of  the  gravel  *  *  *  is  on  the  whole  too  evident  to 
admit  of  any  possible  doubt.  *  *  *  It  would  seem  to  be  an  unavoidable  infer- 
ence that  our  drift  of  this  region  not  only  came  from  the  north,  but  it  came  in  a 
vast  sweep  of  water  deep  enough  to  cover  gravel  hills  more  than  800  feet  high,  and 
with  velocity  enough  to  throw  such  coarse  material  into  lofty  steeps  and  summits. 

Again,  concerning  the  absence  of  drift  on  the  north  slope  of  the 
Laurentian  hills  and  the  scratched  and  ''pounded"  aspect  of  the 
region,  he  wrote: 

We  seem,  therefore,  to  have  testimony  that  the  drift  action  for  a  thousand  miles 
east  and  west  along  the  laurentian  crest  and  to  an  unknown  distance  north  of  it 
was  too  violent  to  admit  of  drift  deposits,  even  the  bowlders  being  swept  off. 

The  finer  chaiiicter  of  the  material  in  northern  and  central  Illinois 
he  thought  to  be  due  to  the  less  violent  rush  of  the  waters.  These 
waters  he  imagined  to  have  been  drawn  off  suddenly  after  the  depo- 
sition of  the  Orange  loam,  thus  accounting  for  the  absence  of  beach 
lines. 

These  views  are  not  quite  those  of  Newberry  himself,  as  expressed 
in  a  paper  before  the  New  York  Lyceum  in  1870.  From  facts  observed 
in  the  basin  of  the  Great  Lakes  and  the  Valley  of  the  Mississippi,  he 


AMERICAN   GEOLOGY DECADE    OF   1860-1869.  545 

argued  that,  synchronously  with  the  glacial  epoch  of  Europe,  the 
northern  half  of  North  America  had  a  climate  comparable  with  that  of 
Greenland,  and  that,  as  a  result,  glaciers  were  formed, 
wTtSeDrift.VsTO.  ^^^  direction  of  flow  of  which  corresponded  in  a  gen- . 
eral  way  with  the  present  drainage  channels.  The 
Lower  Mississippi  he  looked  upon  as  a  "  half -drowned  river" — that  is, 
one  with  its  lower  channel  deeply  submerged  and  silted  up,  an  unmis- 
takable proof  that  at  that  period  the  country  stood  at  a  considerably 
greater  elevation  than  at  present. 

The  trough  of  the  Mississippi,  to  his  mind,  was  simply  a  valley  of 
erosion  which^  since  the  close  of  the  Carboniferous  period,  had  been 
traveled  by  a  river  which  drained  the  area  of  the  northern  Mississippi, 
the  Ohio,  and  the  Tennessee,  and,  since  the  Miocene  period,  the  Mis- 
souri, Arkansas,  and  the  Red  rivers  as  well.  Through  alternate  eleva- 
tion and  depression  the  mouth  of  the  stream  had  varied  its  position 
from  time  to  time  to  the  amount  of  a  thousand  miles,  the  final  long- 
continued  depresvsion  being  the  primary  cause  of  the  climatic  amelio- 
ration which  brought  the  glacial  period  to  an  end. 

The  fine  blue-gray  and  highly  plastic  so-called  Erie  clays  and  their 
accompanying  sands  and  bowlders  were  to  him  due  to  floating  icebergs 
during  a  period  of  continental  depression  and  great  inland  seas, 
deposited,  in  fact,  just  as  similar  materials  are  conceived  as  now  being 
scattered  over  the  sea  bottoms  about  Newfoundland. 

If  we  restore  in  imagination  this  inland  sea,  which  we  have  proved  once  filled  the 
basin  of  the  lakes,  j^raduall y  displucipg  the  retreating  glaciers,  we  are  inevitably  led 
to  a  time  in  the  history  of  this  region  when  the  southern  shore  of  this  sea  was  formed 
by  the  highlands  of  Ohio,  etc.,  the  northern  shore  a  wall  of  ice  resting  on  the  hills 
of  crystalline  and  trappean  rocks  about  I^ke  Superior  and  Lake  Huron. 

From  this  ice  wall  masses  must  from  time  to  time  have  l)een  detached,  just  as  they 
are  now  detached  from  the  Humboldt  glacier,  and  floated  off  southward  with  the 
current,  bearing  in  their  grasp  sand,  gravel,  and  bowlders — whatever  composed  the 
beach  from  which  they  sailed.  Five  hundred  miles  south  they  grounded  upon  the 
southern  shore — the  highlands  of  now  western  New  York,  Pennsylvania,  and  Ohio, 
or  the  shallows  of  the  prairie  region  of  Indiana,  Illinois,  and  Iowa.  There  melting 
away  and  depositing  their  entire  loads,  as  I  have  sometimes  seen  them,  a  thousand 
or  more  bowlders  on  a  few  acres,  resting  on  the  P^rie  clays  and  looking  in  the  distance 
like  flocks  of  sheep,  or  dropping  here  and  there  a  stone  and  floating  on  east  or  west 
till  wholly  dissipated. 

The  loess,  as  one  would  naturally  expect  from  the  foregoing,  was 
looked  upon  as  the  finer  sediment  deposited  in  the  ijuiet  waters  of  one 
of  these  inland  seas,  to  which  the  icebergs  had  no  access.  The  lake 
basins,  with  the  exception  of  that  of  Lake  Superior,  which  is  a  syn- 
clinal trough,  were  regarded  as  excavated  by  glacial  action  and  once 
much  deeper  than  now,  having  become  partially  filled  with  drift 
deposits  as  they  gradually  emerged.  Temporary  pauses  in  the  period 
of  uplift  would  give  time  for  wave  action,  and  thus  would  be  formed 
the  terraces  and  ancient  l)eaches  so  commonly  found  in  the  lake  regions. 
NAT  MC8  1904 35  "y '"""  "y  ^^^^iC 
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Newberry  was  succeeded  as  State  geologist  by  Edward  Orton,  who 
had  previously  acted  as  chief  assistant.  During  Orton's  administra- 
tion certain  '^  pardonable  errors  in  identification,"  which  left  the  stratig- 
,  raphy  of  the  coal  series  of  Ohio  in  an  almost  hopeless 

m»  sute  G^ogist,  tangle,  were  corrected.  He  showed  the  stratigraphical 
order  of  the  lower  Coal  Measures  of  Ohio  to  be  com- 
pletely in  harmony  with  that  of  Pennsylvania  and  that  the  entire  series 
could  be  traced  from  the  eastern  margin  of  the  State  clear  across  the 
same  to  Kentucky.  This  is  regarded  by  White,  Orton's  biographer, 
as  the  masterpiece  of  Doctor  Orton's  purely  geological  work,  altliough 
his  contributions  to  the  geology  of  petroleum  and  natural  gas  in  the 
sixth  volume,  1888,  are  of  almost  equal  importance. 

Orton's  work  during  his  whole  life  was  largely  of  an  economic  char- 
acter, the  more  important  and  comprehensive  publications  being  Vol- 
umes V  (1884)  and  VI  (1888)  on  the  Economic  Geology  of  Ohio,  his 
Report  on  Petroleum  and  Gas  in  Ohio  (1890),  and  the  Report  on  the 
Occurrence  of  Petroleum,  Natural  Gas,  and  Asphalt  Rock  in  West- 
ern Kentucky  (1891).  He  also  had  an  important  paper  on  the  Trenton 
limestone  as  a  source  of  petroleum  and  inflammable  gas  in  Ohio  and 
Indiana,  in  the  Eighth  Annual  Report  of  the  U.  S.  Geological  Survey 
(1886-87).  Aside  from  his  record  as  president  of  the  university  and 
a  teacher,  Orton  will  be  best  remembered  for  his  work  on  the  sub- 
jects of  gas  and  petroleum,  although  in  his  report  on  the  third  geo- 
logical district  he  makes  important  observations  on  the  Cincinnati 
uplift  or  axis,  showing  it  to  have  been  a  slow  and  gradual  formation 
resulting  in  a  gentle  flexure  in  the  earth's  crust  involving  the  Lower 
and  Upper  Silurian  and,  to  some  extent,  the  Devonian  formations  of 
the  State.     In  his  own  words,  his  conclusions  were  as  follows: 

First,  the  Cincinnati  axis  in  southern  Ohio  was  raised  above  the  sea  at  the  end  of 
the  blue  limestone  period,  or  c»ertainly  early  in  the  history  of  the  Clinton  epoch. 
Second,  it  underwent  various  oscillations,  but  the  elevatory  movements  succeeded 
those  of  depression.     Third,  the  rate  of  movement  was  exceedingly  slow. 

Ilis  views  on  the  glacial  period,  expressed  briefly  and  in  his  own 
words,  were  as  follows: 

The  following  threefold  divisions  of  glacial  time  may  be  considered  bs  demon- 
strated: First,  an  age  of  general  elevation  of  northern  land  ac<3ompanied  by  intense 
cold  and  the  formation  of  extensive  continental  glaciers.  »S€»cond,  a  general  depres- 
sion of  the  land  with  the  return  of  a  milder  climate.  Third,  a  partial  reelevation 
of  the  land  and  a  partial  return  of  the  cold  climate,  producing  local  glaciers  and 
icebergs. 

Orton  was  bom  in  Delaware  County,  New  York,  and  educated  at 
Hamilton  College,  graduating  in  1850.  He  subsequently  studied 
at  Harvard  and  then  entered  the  Andover  Theological  Seminary, 
being  licensed  to  preach  in  1855,  and  soon  after  ordained  as  pastor 
of  the  Presbyterian  Church  at  Downsville,  Delaware  County,  New 
York.     He  resigned  this  position  in  order  that  he  might  Ji^iC^gpt^that 
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of  professor  of  natural  sciences  in  the  New  York  State  Normal  School 
at  Albany.  Becoming  convinced,  however,  that  his  gradually  chang- 
ing views  on  religious  matters  were  such  that  he 
Sketch  of  Orton.  could  not  conscicntiously  continue  to  hold  this  posi- 
tion, he  resigned  it,  and  accepted  the  principalship 
of  an  academy  at  Chester,  in  Orange  County,  the  same  State. 

In  1865  he  beciime  principal  of  the  preparatory  department  of 
Antioch  College  in  Ohio,  then  professor  of  natural  sciences,  and 
afterwards  president  of  the  same  institution. 

His  active  work  as  a  geologist  received  its  first  recognition  in  1869, 
when  he  was  appointed  Newberry's  assistant.  In  1873  he  was  made 
president  of  the  new  Agricultural  and  Mechanical  College,  founded 
under  the  Morrill  act,  and  also  took  charge  of  the  chair  of  geology  in 
the  same  institution.  Under  his  eflScient  administration,  which  lasted 
until  1881,  the  institution  prospered  and  finally  developed  into  the 
Ohio  State  University. 

In  1882,  after  his  voluntary  retirement  from  the  State  University, 
the  geological  survey  was  organized  and  Orton  made  State  geologist, 
a  position  he  continued  to  hold  until  the  time  of  his  death  in  1899. 

Orton  }>elonged  to  the  generation  beginning  work  immediately  after 
the  civil  war  and,  according  to  his  biographer,  always  leaned  toward 
the  application  of  the  science  to  the  benefit  of  his  fellow  men.  ''He 
was  painstaking  and  exact  in  observation,  scrupulous  in  statement, 
cuutious  in  speculation."  He  was  one  of  the  first  to  recognize  the 
possibility  of  the  exhaustion  of  the  supply  of  petroleum  and  natural 
gas,  and  to  issue  appeals  to  the  people  of  Ohio,  urging  care  in  hus- 
banding their  resources.  But  these  were  not  received  in  the  spirit  in 
which  they  were  offered,  and  he  had  the  melancholy  satisfaction  of 
seeing  his  forebodings  justified  by  the  event. 

By  those  who  knew  hira  Orton  will  be  remembered  as  always  a  man 
of  perfect  courtesy,  dignified,  a  little  stately,  and  never  effusive.  His 
life  was  full  of  considerate  and  helpful  kindness —modest  and  retiring 
to  an  unusual  degree,  and  yet  one  of  the  few  men  to  whom  honors 
come  notwithstanding.  In  1891  he  suffered  from  a  paralytic  stroke 
which  cost  him  the  entire  loss  of  the  use  of  the  left  hand,  yet  he  con- 
tinued to  teach  and  to  work  until  almost  the  last  hour  of  his  life.  For 
eight  years  he  had  looked  upon  death  as  a  thing  momentarily  to  be 
expected.  He  met  it  bravely,  cheerfully,  and  fearlessly  on  October 
10,  1899. 

In  1869  the  fourth  attempt  at  a  s^^stematic  geological  survey  of 
Indiana  was  made,  the  appointment  as  Statt*  geologist  going  this  time 
to  E.  T.  (^ox,  heretofore  known  to  geological  fame  only  through  his 
work  while  assistant  to  Owen  in  Kentucky  and  Arkansas  in  1856-1860. 

Animal  reports  wore  issued  for  eaoh  of  the  ten  years  which  marked 
the  life  of  this  survey.     Those  of  1869  and  1872  were  accompanied 
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by  county  maps,  though  no  geological  map  of  the  State  in  its  entirety 
was  furnished.  A  colored  section  across  the  State  from  Greencastle 
to  Terre  Haute  accompanied  the  report  for  1869. 

(Dox  was  assisted  during  the  entire  or  a  part  of  the  time  by  Frank  H. 
Bradley,  Rufus  Ha\^mond,  G.  M.  Levette,  B.  C.  Hobbs,  R.  B.  Warder, 
W.  W.  Borden,  M.  N.  Elrod,  John  CoUctt,  and  E.  S. 
indiaiM?^^i879.  Mclntirc,  the  fossil  flora  being  described  by  Leo  Les- 
quereux  and  the  fauna  of  Wyandotte  Cave  by  E.  D. 
Cope.  Zoological  and  botanical  subjects  were  treated  by  D.  S.  Jordan, 
J.  M.  Coulter,  and  J.  Schenk. 

These  reports  as  a  whole  contained  little  new  or  impressive.  In  the 
eighth,  which  was  the  most  comprehensive  thus  far  issued,  Cox  him- 
self called  attention  to  the  fact  that  the  geological  history  of  the  State 
''appears  tame  and  devoid  of -the  marvelous  interest  which  attaches  to 
many  other  regions,  and  that  there  is  not  a  single  true  fault  or  upward 

or  downward  break  or  displacement  of  the 
strata  thus  far  discovered."  The  oldest 
rocks  of  the  State  were  found  in  the  south- 
ern portion,  extending  from  the  Ohio' River 
near  the  mouth  of  Fourteen  Mile  Creek  to 
the  eastern  boundary  line.  These  are  the 
so-called  Hudson  River  rocks  of  Hall,  which 
Cox  correlated  with  Safford's  Nashville 
group,  and  which  Worthen  and  Meek  had 
included  under  the  name  of  Cincinnati 
group.  He  regarded  the  Silurian  strata  as 
uplifted,  not  by  a  local  disturbance,  but  "by 
an  elevating  force  that  acted  very  slowly 
and  extending  over  the  entire  central  area 
of  the  United  States. "  The  seat  of  greatest 
force,  he  thought,  however,  was  not  limited  to  southwestern  Ohio, 
but  was  to  be  looked  for  in  Kentucky. 

Cox  accept(»d  the  general  theory  of  glacial  drift  as  at  present  under- 
stood, and  conceived  that  the  climatic  changes  might  be  due  to  the 
relative  position  of  land  and  water,  possibly  a  change  in  the  course  of 
the  Gulf  Stream.  He  could  find  no  evidence  of  a  subsidence  of  the 
land  to  terminate  the  glacial  period,  nor  could  he  find  in  Ohio,  Indi- 
ana, or  Illinois  anything  to  militate  against  the  commencement  of  a 
glacial  period  in  Tertiary  times  and  its  continuation — 
until  broiiglit  to  a  clo.«e  by  it«  own  erosive  force,  aided  by  atmospheric  and  meteoro- 
logical conditions.  By  these  combined  agencies  acting  through  time  the  mountain 
home  of  the  glacier  was  cut  down  and  a  general  leveling  of  the  land  took  place. 

This  suggestion  that  the  glacial  epoch  worked  out  its  own  destruc- 
tion through  a  process  of  leveling,  whereby  the  altitudes  which  gave 
it  birth  were  so  far  reduced  that  glaciers  could  no  lp«ger  exist,  is 
unicpie  and,  vso  far  as  the  present  writer  is  aware,  6figihaPwrti0(h9X. 


Fig.  83.--Edward  Travera  Cox. 
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Upon  the  recommendation  of  Lo^n,  Dr.  A.  R.  C.  Selwyn,  an  Eng- 
lishman, for  seveml  years  connected  with  the  geological  survey  of 
(xreat  Britain  under  De  la  Beche,  and  from  1852  until  1869  director  of 
the  geological  survey  of  Victoria,  Australia,  was,  upon 
under  Selwyn,  the  retirement  of  the  first  named,  made  director  of  the 

1869*1894 

geological  survey  of  Canada.  In  this  capacity  Selw3^n 
served  for  twenty-five  years,  or  until  1894.  He  was  assisted  by 
II.  H.  Ami,  Elkanah  Billings,  and  J.  F.  Whiteaves,  paleontologists; 
Robert  Bell,  George  M.  Dawson,  James  Richardson,  and  J.  B.  Tyr- 
rell, geologists,  and  B.  J.  Harrington  and  T.  Sterry  Hunt,  chemists. 
With  this  efficient  corps  the  work  of  the  sur- 
vey was  pushed  vigorously,  but,  extending 
as  it  did  beyond  the  time  limits  laid  down 
for  this  sketch,  it  can  be  touched  upon  but 
briefly. 

During  the  period  of  his  administration 
twenty  large  annual  reports  were  issued  and 
nine  volumes  on  paleontology  and  paleo- 
botany. The  work  of  the  su rvey  was  pushed 
westward  as  far  as  British  Columbia,  and 
though  ever  with  economic  ends  in  view, 
much  was  accomplished  in  the  way  of  pure 
science.  The  gold  fields  of  Nova  Scotia 
were  investigated  and  the  silver  deposits  of 
Thunder  Bay,  on  Lake  Superior.  The 
stratigraphic  problems  involved  in  Logan's  ''Quebec  group"  also 
received  attention.  His  aim  from  the  start,  as  stated  by  one  of  *his 
biographers,  was  to  make  the  survey  an  eminently  practical  depart- 
ment in  which  the  records  of  the  mines  and  mineml  statistics  should 
be  kept  for  the  use  of  both  the  Parliament  and  the  public. 

Selwyn  is  pictured  to  us  as  a  scholar  of  rare  ability,  social,  amiable, 
and  chivalrous  in  private  life,  but  a  strict  disciplinarian;  tall,  grace- 
ful, quick,  and  alert,  of  a  mther  highstrung  and  nervous  disposition, 
and  with  a  keen  and  observant  eye.  His  bibliography  consists  mainly 
of  short  papers  and  sununaries  published  in  connection  with  his  official 
reports. 


Fig.  H4.— Alfmi   Richard  Cecil 
Selwyn. 
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CHAPTER    VII. 

THE  ERA  OF  NATIONAL  SURVEYS  OR  FIFTH  ERA  OF  STATE 
SURVEYS,  1870-1879. 

The  period  of  the  civil  war  had  brought  to  light  a  considerable 
number  of  men  for  whom  the  piping  timcH  of  peace,  even  when  varied 
by  Indian  outbreaks  in  the  West,  afforded  insufficient  opportunities. 
They  were  men  in  whom  the  times  had  developed  a  power  of  organ- 
ization and  command.  They  were,  moreover,  men  of  courage  to  the 
point  of  daring.  It  was  but  natural,  therefore,  particularly  when  the 
necessity  for  military  routes  in  the  West  and  public  land  questions 
were  taken  into  consideration,  that  such  should  turn  their  attention 
toward  western  exploration.  Further,  the  surveys  made  in  the  third 
decade,  in  connection  with  routes  for  the  Pacific  railroads,  and  the 
work  done  l)y  Evans,  Hayden,  and  Meek  in  the  Bad  Lands  of  the  Mis- 
souri, had  whetted  the  desires  of  numerous  investigators.  Willing 
workers  were  abundant  and  Congress  not  difficult  to  persuade  into 
gmnting  the  necessary  funds.  Hence  expedition  aft(^r  expedition  was 
organized  and  sent  out,  some  purely  military,  some  military  and  geo- 
graphic, with  geology  only  incidental,  and  others  for  the  avowed  pur- 
pose of  geological  research. 

Under  such  conditions  was  inaugurated  the  work  which  culminated, 
in  J871>,  in  the  organization  of  the  present  V.  S.  Geological  Survey, 
which,  for  breadth  of  scope  and  financial  resources,  is  without  coun- 
terpart in  the  world's  history  of  science. 

The  more  important  of  the  expeditions  above  referred  to,  as  will  be 
seen,  were  Ha^'den's  Geologicjil  Surveys  of  the  Territories;  King's 
Geological  Survey  of  the  Fortieth  Parallel;  PowelFs  Surveys  of  the 
Grand  Canyon  of  the  Colorado  and  adjacent  regions;  and  Wheeler's 
Geographical  Surveys  West  of  the  One-hundredth  Meridian. 

These  expeditions  demanded  men  in  the  prime  of  life  and  bodil^^ 
vigor — men  who  could  endure  exposure  and  fatigue  and,  if  necessary, 
face  danger.  It  is  a  natural  consequence  that  there  should  be  found 
among  the  workers  many  Aames  and  faces  which  have  not  heretofore 
appeared  in  our  chronicles.  Among  those  who  appear  now,  if  not  for 
the  first  time,  at  least  for  the  first  time  prominently,  mention  may  be 
made  of  C.  E.  Dutton,  S.  F.  Emmons,  G.  K.  Gilbert,  Arnold  Hague, 
W.  II.  Holmes,  Clarence  King,  O.  C.  Marsh,  A.  R.  Marvine,  A.  C. 
Peale,  J.  W.  Powell,  I.  C.  Russell,  Orestes  St.  John,  J.  J.  Stevenson, 
and  R.  P.  Whitfield. 
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Fig.  85.— George  Little. 


Although  this  was  a  period  of  great  activity  on  the  part  of  the  Gen- 
eral (jovernment,  State  and  provincial  governments  were  by  no  mean.s 
quiescent.     Important  work  was  being  done  by  T.  C.  Chamberlin  in 

Wisconsin,  J.  W.  Dawson  in  Nova  Siiotia, 
W.  C.  Kerr  in  North  Carolina,  Eugene  A. 
Smith  in  Alabama,  and  J.   D.  Whitney  in 
California.     There  were  also  organized  a  sec- 
ond geologiwil  survey  of  Pennsylvania,  with 
J.  P.  Lesley  at  its  head,  and  a  geological 
and  natural  history  survey  of   Minnesota, 
under  N.  H.  Winchell.     Both  of  these  last- 
named  organizations  continued  their  work 
beyond  the  period  of  the  limit  set  for  this 
history.     An  attempt  at  establishing  a  geo- 
logical survey  of  Georgia  in  1874  resulted  in 
the  appointment  of  George  Little  as  State 
geologist  and  the  subsequent  issuance  of  two 
reports  comprising  altogether  but  52  pages. 
In  1870  (?)  John  Murri.sh  was  appointed  by  Governor  Lucius  Fair- 
child,  of  Wisconsin,  commissioner  of  the  survey  of  the  lead  district  of 
that  State.    Murrish  was,  according  to  his  own  stiitement,  '^'a  practical 
man"  and  had  served  an  apprenticeship  in  the  mines 
wTsconiin^sSV"    ^^  Cornwall,  going  through  the  regular  course  of  prac- 
tical training  for  a  miner's  occupation  and  a  miner's 
life.     Under  these  conditions,  it  is  perhaps  scarcely  just  to  compare 
his  writings  with  those  of  men  who  have  had  better  opportunities  and 
training.     Nevertheless,   as  he   had   to   do   with   the   survey   of  an 
impoilant  mining  region,  it  is  impossible  to  ignore  the  work  here. 

Under  the  title  of  Report  of  the  Geo- 
logical Survey  of  the  Lead  Regions,  Mur- 
rish published  his  observ^ations  in  the  form 
of  a  pamphlet  of  (15  pages,  in  which  he 
set  forth  his  views  of  the  various  geolog- 
ical phenomena.  H(^  thought  to  have  dis- 
covered that  the  lead-bearing  fissures  were 
grouped  into  ranges,  the  various  ranges 
forming  themselves  into  four  well-defined 
belts  running  parallel  to  each  other.  The 
lead  veins,  according  to  his  theories,  occur- 
red along  the  elevation  of  the  land  running 
in  a  generally  north-and-south  direction,  the 
elevation  itself  being  '^a  line  of  physical 
(listurl)ance.'"  Concerning  the  character  of 
this  physical  disturbance  he  was  not  perfectly  clear,  but  he  did  not 
regard  it  as  due  to  an  active  volcanic  disturbance  nor  earthquakes  in 


Fig.  86.— John  Murrish. 


the  ordinary  meaning  of  the  terms. 
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He  described  sink  holes  and  what  are  evidently  stylolites,  the  true 
character  of  which  he  did  not  recognize,  but  regarded  as  doubtless 
due  to  the  same  physical  disturbances.  The  elevation  referred  to  and 
the  belt^  of  mineral  land  in  the  district  were  formed,  he  conceived, 
from  groups  of  fissures  or  faults  in  the  Plutonic  and  Azoic  rocks 
beneath,  which  were  themselves  produced  by  mechanical  forces  evi- 
dently generated  by  internal  heat.  Water  entering  between  the  beds 
would  percolate  downward  through  these  lines  of  fracture,  where  it 
would  come  in  contact  with  intensely  heated  matter  under  a  pressure 
of  several  hundred  feet  of  overlying  rock.  If  the  temperature  was 
suflScient  the  water  would  be  converted  into  steam  or  elastic  vapor, 
which  might  possess  sufficient  mechanical  power  to  bring  about  the 
elevation.  During  the  early  formation  of  the  stratified  rocks,  partic- 
ularly the  Potsdam  sandstone,  the  resistance  to  this  expansive  force 
would  be  comparatively  little,  since  vent  for  the  steam  would  be  easily 
found  through  the  loosely  accumulated  sand;  but  as  layer  after  layer 
was  added  to  the  strata  and  the  more  compact  limestone  began  to  fonii 
and  harden  a}x)ve  it,  resistance  would  increase  until  to  overcome  it  a 
general  lifting  of  the  strata  would  take  place,  by  which  escape  would 
be  effected  through  fissures  in  the  rock  along  the  line  of  those  original 
faults  in  the  Plutonic  rocks  below. 

A  microscopic  examination  of  the  sand  grains  from  the  disintegrated 
Potsdam  sandstone  having  revealed  the  crystalline  nature  of  the  gran- 
ules, due,  as  we  now  know,  to  the  deposition  of  interstitial  silica,  he  con- 
ceived, as  did  Whitney  (p.  469),  that  the  entire  deposit  was  of  chemical 
origin. 

Suppoeiiig  Iceland  should  be  submerged  to  a  considerable  depth  beneath  the 
ocean,  and  those  plains  situated  about  30  miles  from  that  noted  volcano  Hecla, 
known  now  to  be  full  of  heated  springs,  steaming  fissures,  and  boiling  geysers, 
whose  waters  hold  a  large  amount  of  silica  in  solution  that  is  now  being  deposited 
on  the  surface  around  those  places,  were  pouring  their  waters  into  the  ocean  above, 
should  we  not  have  there  on  a  small  scale  what  perhaps  existed  on  a  very  large  scale 
during  our  sandstone  formation? 

Perhaps  so.     Who  shall  sa}? 

Like  many  men  of  slight  training,  Murrish  failed  to  give  proper 
weight  to  the  evidence  gathered  and  was  led  into  many  errors,  the 
most  serious  of  which  was  that  of  assuming  that  the  Lower  Magnesian 
limestone  might  prove  to  be  an  ore-bearing  stratum — this  in  spite  of 
the  opinion  to  the  contrary  held  by  Hall,  Whitney,  and  others. 

During  the  summer  of  1870  O.  C.  Marsh,  professor  of  })aleontology 

in  Yale  (College,  began  a  series  of  scientific  expeditions  into  the  western 

part  of  the  United  States,  having  for  his  primary  object 

SlpeSuto^lsVo.*^     ^^^  collection  of  vertebrate  fossil  remains.    The  results 

of  these  expeditions  soon  placed   Marsh  among  the 

leading  vertebrate  paleontologists  of  the  world. 

Digitized  by  VjOOQ IC 


554 


REPORT    OF   NATIONAL    MUSEUM,   1904. 


The  Middle  West,  it  should  be  remembered,  was  at  that  time  an 
almost  unknown  territory,  traversed  by  but  a  single  railroad  (the 
Union  Pacific),  and  much  of  it  rendered  unsafe  for  the  white  man 
through  roving  bands  of  Indians,  necessitating  military  escort  in 
many  instances. 

The  first  expedition  explored  the  Pliocene  deposits  of  Nebraska,  the 
Miocene  of  northern  Colorado,  and  the  Eocene  of  the  Bridger  Basin 
in  Wyoming  and  the  Uinta  Basin  of  Utah.  These  expeditions  were 
supported  largely  at  Professor  Marsh's  private  expense,  until  the 
organization  in  1879  of  the  U.  S.  Geological  Survey  under  Powell, 
shortly  after  which  Marsh  was  appointed  a  United  States  paleontolo- 
gist, though  still  drawing  upon  his  own  resources  when  necessary  or 
when,  in  his  opinion,  it  became  advisable  in  order  that  new  discoveries 
might  become  immediately  available. 

Under  these  joint  agencies  there  was  brought  together  the  ma^ss 

of  material  now  forming  the  vertebrate 
collections  at  Yale  University  and  the  ex- 
tensive Marsh  collection  in  the  National 
Museum  in  Washington,  whicli  has  formed 
the  basis  for  the  numerous  monographs 
and  papers  included  in  Marsh's  extensive 
bibliography. 

The  most  noted  of  his  early  discoveries 
was  that  of  the  toothed  birds,  Odontor- 
nithes  (Hesperornis  and  Ichthyornis),  which 
formed  the  basis  of  a  monograph  published 
in  1880.  Based  on  later  discoveries  were 
his  monographs  on  the  Dinocerata  and  the 
extraordinary  dinosauria,  of  which  the 
Anchisaurus,  Brontosaurus,  Laosaurus, 
Ceratosaurus,  Camptosaurus,  Stegosaurus,  Claosaurus,  and  Triceratops 
are  the  best  known  representatives. 

Marsh's  connection  with  the  United  States  Survey  continued  up  to 
the  time  of  his  death,  which  took  place  in  March,  18i»9,  and  much  of 
his  work  lay  beyond  the  time  limits  of  this  history. 

In  1870  again  the  legislature  of  Missouri  passed  an  act  for  the  estab- 
lishment of  a  mining  bureau,  the  board  of  control  of  which  was  to  be 
composed  of  the  governor  and  nine  members,  one  from  each  Con- 
gressional district.  Upon  this  board  was  conferred 
the  power  of  appointing  a  State  geologist,  the  choice 
for  which  fell  upon  Albert  llager,  of  Vermont. 
Hager's  term  of  service  wa,s,  however,  short,  and  but  one  report  of 
progress  published,  owing  to  a  disagreement  with  the  board.  This 
report  dealt  largely  with  the  condition  of  the  survey  at  the  time  he 
took  charge.     It  would  appear  that,  since  the  suspension  of  Swallow's 


Fig.  87.— Othniel  Charles  Mnrvh. 
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survey  in  1861,  the  collections  and  other  materials,  the  property  of 
the  survey,  had  })een  stored  in  the  University  building  at  Columbia, 
which  was  at  one  time  in  the  possession  of  armed  troops,  and  the 
materials  suffered  accordingly,  as  would  naturall}^  be  expected.  He 
found,  however,  reports  of  B.  F.  Shumard  made  during  the  work  of 
Swallow's  survey,  in  a  fairly  complete  condition.  These  were  on  the 
counties  of  Crawford,  Clark,  Cape  Girardeau,  Phelps,  Ste.  Genevieve, 
Ozark,  Douglas,  Perry,  Jefferson,  Laclede,  Pulaski,  and  Wright. 
The  reports  of  Swallow  and  Meek  were  also  in  a  satisfactory  condi- 
tion. It  is  stated,  too,  that  he  obtained  much  material  relating  to  the 
former  surveys  from  Shumard  and  Swallow,  with  apparently  the 
intention  of  editing  their  notes  and  publishing  them.  So  far  as  known, 
however,  nothing  was  done,  and  on  March  18  the  law  governing  the 
bureau  was  amended.  Ur.  J.  G.  Norwood,  who  with  Dr.  C  M.  Litton 
had  been  one  of  Hager's  assistants,  remained  temporarily  in  charge  of 
the  affairs  of  the  survey  from  September  1,  1871,  until  November 
of  the  same  year,  when  K.  Pumpelly  was  placed  at  the  head  of  the 
organization.  Norwood,  during  his  brief  period  of  authority,  was 
assisted  by  G.  C.  Broadhead  and  C.  M.  Litton. 

Under  the  management  of  Pumpelly  there  were  issued  in  1873  two 
volumes  of  reports,  the  first  a  royal  octavo  of  325  pages  which  con- 
tained all  of  the  ^^previousl}^  unpublished  material"  that  had  been 
transmitted  to  him  by  earlier  workers  on  the  geological 
offMlMouri  fsTT.*^  survey  of  Missouri.  This  comprised  the  reports  of 
Broadhead,  Meek,  and  Shumard,  and  contained  eight 
geological  maps  of  counties  and  numerous  sections. 

In  this  same  year  there  was  published,  also  under  the  supervision  of 
Pumpelly,  a  preliminary  report  on  the  iron  ores  and  coal  fields,  form- 
ing a  volume  of  440  pages  and  190  illustrations  in  the  text,  with  a  large 
folio  atlas  of  15  sheets.  Pumpelly  was  assisted  in  the  preparation  of 
this  work  by  G.  C.  Broadhead,  W.  B.  Potter,  Adolph  Schmidt,  and 
C.  J.  Norwood  as  geologists;  and  Regis  Chauvenet,  chemist.  Other 
assistance  was  rendered  by  W.  E.  Guy,  J.  R.  (Jage,  and  Jackson 
Leonard. 

la  the  report  on  the  iron  and  coal,  Pumpelly  seems  directly  respon- 
sible only  for  the  ideas  advanced  in  the  first  28  pages.  It  is  worthy 
of  note  that  even  at  this  late  date  Pumpelly  seems  to  have  regarded 
the  porphyries  of  Pilot  Knob  and  adjacent  regions  as  sedimentary 
rocks.     He  wrote: 

The  porphyries  are  older  than  the  Sihirian  and  belong  to  the  Archean  (Azoic) 
formation  of  which  they  may  l)e  the  youngest  member  in  Missouri.  *  *  *  They 
are  stratified  on  an  immense  scale,  but  owing  to  the  rarity  of  interstratified  betls  of 
other  rot^ks  the  unraveling  of  the  internal  structure  of  the  district  is  a  difficult 
problem. 
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The  porphyry  hills,  like  Pilot  Knob  and  others,  he  regarded  a*^ 
Azoic  rocks,  the  exposed  portions  of  the  skeleton  of  the  eastern  part 
of  the  Ozark  range,  rising  from  300  to  1,800  feet  above  the  level  of 
the  surrounding  countr3\  ''They  form  an  archipelago  of  islands  in 
the  Lower  Silurian  strata,  which  surround  them  a^  a  whole  and  sepa- 
rate them  from  each  other."  The  rocks  overlying  these  he  regarded 
as  belonging  to  the  oldest  members  of  the  Silurian,  and  thought  that 
they  might  be  the  deep-seated  equivalents  of  the  Potsdam  sandstone, 
or  even  older. 

The  region  of  these  porphyries,  as  well  as  the  Ozark  range  in  gen- 
eral throughout  Missouri,  had,  in  his  opinion,  apparent!}^  been  above 
the  level  of  the  sea  from  a  very  early  period  (perhaps  since  the  Car- 
boniferous and  Silurian)  to  the  present  time. 

He  recognized  the  fact  that  the  surface  ore  at  Iron  Mountain  was  a 
residuary  product  resulting  from  the  disintegration  and  gradual 
removal  of  the  siliceous  rocks  in  which  the  iron  ore  was  originall}^ 
embedded,  the  instance  offering,  as  he  stated,  an  extreme  case  where 
decomposition  of  the  poi^phyr}^  in  mass  facilitated  the  separation  of 
the  ore  from  the  rock  and  the  mechanical  removal  of  the  latter. 

Concerning  the  ultimate  origin  of  the  iron,  Pumpelly  was  silent. 
Regarding  the  origin  of  the  manganese  ore  as  at  Cuthbertsons  Hill, 
in  township  33,  he  wrote: 

It  would  seem  that  we  have  in  these  occurrences  instances  of  replacement,  but  it 
is  difficult  to  imagine  a  direct  substitution  of  manganese  oxides  for  the  decomposition 
products  of  a  porphyry,  and  all  the  more  so  in  this  case  from  the  fact  that  the  analysis 
shows  the  remaining  porphyry,  which  is  intimately  associated  with  the  ore,  to  have 
its  normal  constitution. 

.  He  further  described  what  he  called  a  metaphoric  limestone  at  Huffs, 
near  Ackhursts,  as — 

nearly  wholly  changed  into  a  porphyry  or  jasper  rock,  it  having  here  a  schistoid 
structure  in  which  the  alternate  lamina?  are  impure,  compact  carbonate  of  lime. 
*  *  *  Here  is  a  member  of  the  porphyry  series  which  was  originally,  unques- 
tionably, a  limestone,  but  in  which  the  original  physical  and  chemit^al  character- 
istics have  almost  wholly  disappeared.  It  should  not  seem  impossible  that  the 
manganiferous  rocks  which  have  been  described  may  have  had  a  similar  origin,  and 
that  the  manganese  and  iron  oxides  owe  their  present  existence  to  a  former  replace- 
ment of  the  lime-carbonate  by  iron  and  manganese  salts.  The  porphyry  which  now 
surrounds  these  ores  may  be  due  to  a  previous,  contempK^raneous,  or  subsequent 
replacement  of  the  lime-carbonate  by  silica  and  silicates. 

A  '*may  be"  to  which  few  would  assent  at  this  date. 

A  general  discussion  of  the  iron  ores  and  their  distribution  was  com- 
prised in  the  report  of  Mr.  Chauvenet,  which  occupied  192  pages  of 
the  entire  volume.  According  to  this  writer  the  ores  of  Iron  Moun- 
tain are  due  to  deposition  from  solution  in  water  which  filtered  into 
fissures.  Adolph  Schmidt  regarded  these  same  ores  as  replacement 
products  and  attempted  to  explain  their  formation  as  follows:  When  a 
solution  of  sulphate  or  chloride  of  iron  containing  also  carbonic  acid 
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remains  for  any  length  of  time  in  contact  with  a  porph3Ty  the  latter 
will  become  decomposed,  the  alkalies  being  set  free  in  the  form  of 
carl)onates.  The  carbonates,  reacting  on  the  iron-bearing  solutions, 
will  precipitate  the  iron  as  oxides,  which  will  fill  the  pores  in  the 
porphyry  made  by  the  removal  of  the  alkalies.  The  silica  set  free  in 
the  process  would  be  to  some  extent  removed,  but  most  of  it  would 
remain.  The  silicate  of  alumina  would  be  decomposed  by  bicarbonate 
of  iron  in  solution  and  removed  in  the  form  of  a  soluble  bisilicate,  as 
explained  by  Bischoff.  It  is  needless  to  say  that  these  views  were  not 
generally  accepted. 

Next  to  Owen's  Key  to  the  Geology  of  the  Globe,  I  know  of  no 

more  extraordinary  publication  relating  to  American  geology  than 

that  of  the  artist  George  Catlin,  entitled  The  Lifted  and  Subsided 

Rocks  of  America,  with  their  Influences  on  the  Oceanic, 

Qc^y^iSTO.^      Atmospheric,  and  Land  Currents,  which  was  published 

in  London  in  1870. 

One  can  forgive  any  amount  of  ignorance  relating  to  the  subject  of 
geology  in  a  man  of  Catlings  profession,  but  it  is  not  so  easy  to  forgive 
him  for  putting  before  an  indiscriminating  public  opinions  which  are 
founded  on  wholly  insufficient,  and  in  many  cases  visionary,  data. 

Catlin  had  traveled  extensively  throughout  the  western  portions  of 
North  America  and  naturally  had  been  attracted  by  the  enormous 
amount  of  erosion  and  uplift  manifest  in  a  treeless  area.  That  his 
thoughts  should  have  been  turned  in  this  direction  is  not  at  all  strange, 
but  his  conclusions  are  such  as  can  be  accounted  for  only  on  the 
grounds  that  he  had  received  absolutely  no  ti*aining,  had  not  learned 
how  to  observe,  nor  how  to  reason  from  that  which  he  saw. 

The  most  striking  features  of  the  work  are  those  relating  to  the 
cause  of  the  Gulf  Stream  and  the  origin  of  the  Gulf  of  Mexico.  He 
conceived  that  from  both  North  and  South  America  there  issued  two 
large  subterranean  streams  of  water,  one  flowing  from  the  north  to 
the  south  under  the  main  axis  of  the  Rocky  Mountains,  and  the  other 
in  an  opposite  direction  along  the  main  axis  of  the  Andes.  These 
becoming  heated  through  proximity  to  the  volcanic  fires  in  the  region 
of  the  equator,  finally  issued,  giving  the  necessary  volume  and  temper- 
ature to  account  for  the  (Julf  Stream. 

The  origin  of  the  gulf  itself  he  imagined  to  be  due  to  an  undermining 
of  the  crust  of  the  earth  and  its  subsequent  falling  in,  through  the 
solvent  action  of  the  heated  water,  and  he  figures  the  continent  l)oth 
before  and  after  the  catastrophe." 

«Catlin'8  book  was  ii'jticed  in  the  American  Journal  of  Science,  L,  1870,  and  dis- 
missed with  the  following  curt  remark:  "The  writer  of  this  work,  well  know  n  for  his 
travels  among  the  American  Indians,  here  treats  of  mountain  drainage,  upheavals, 
metamorphism,  making  of  mountain  chains,  sinking  of  mountains,  and  of  the  Indian 
ra<reH  of  America.  He  presents  his  geological  views  and  criticisms  with  greiit  posi- 
tiveness,  which  is  consistent  with  the  fact  of  his  limited  knowledge  of  the  subject." 
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In  1871,  Dr.  F.  V.  Hopkins,  professor  of  geology,  chemistry,  and 
mineralogy  in  the  State  University'  of  Louisiana,  issued  a  report  on 
the  geology  of  the  State,  relating  particularly  to  the  post-Tertiary 
deposits,  and  containing  also  a  colored  geological  map. 
Oeoio^  of  Louisiana,  These  deposits  he  divided  into  (1)  Drift,  (2)  Port 
Hudson  (so-called  by  Hilgard),  (3)  the  Loess,  and  (4) 
the  Yellow  Loam,  the  last  three  being  included  also  under  the  general 
name  of  Bluff  Formation. 

Hopkins  held  (and  Dana  approved)  that  the  Port  Hudson  and  over- 
lying beds  were  deposited  when  the  land  was  at  a  lower  level  than 
now,  and  that  the  loess  was  the  accumulation  over  an  old  flood  plain 
of  the  Mississippi,  as  suggested  by  Lyell.  The  drift  itself,  however, 
he  conceived  to  be  due  to  the  agency  of  icebergs  in  a  sea  at  least  1,159 
feet  deep  in  the  Ohio  Valley.  To  this  last  view  Dana,  of  course, 
objected. 

In  1872  the  subject  of  the  formation  of  the  great  features  of  the 

earth's  surface,  including,  of  course,  the  formation  of  mountains,  was 

brought  up  once  more  by  Joseph  Le  Conte,  then  professor  of  geology 

and  natural  historv  in  the   Universitv  of  California. 

\jt  Conte's  Ideas  on  .../'.  ,         " 

MouDtain  Making,     In  a  series  of  articles  in  the  American  Journal  of  Sci- 

1872. 

ence  for  this  year  he  reviewed  the  ideas  of  Humboldt 
and  others;  discussed  the  probable  condition  of  the  earth's  interior, 
whether  fluidal  or  otherwise;  and  announced  himself  as  convinced  that 
the  whole  theory  of  igneous  agencies,  which  formed  the  foundation  of 
theoretic  geology,  should  be  reconstructed  on  the  basis  of  a  solid 
earth. 

On  the  assumption  that  such  an  earth  would  be  not  homogeneous, 
but  that  some  areas  would  possess  greater  conductivity  than  others 
and  would,  therefore,  cool  and  contract  more  rapidly  in  a  i-adial  direc- 
tion, he  affirmed  that  the  present  sea  bottoms  represented  the  areas 
of  most,  and  the  continents  and  mountain  ranges  those  of  less,  rapid 
cooling  and  contraction.  This  he  felt  was  [)orne  out  by  the  researches 
of  physicists  who  had  shown  that  the  continental  masses  were  less 
dense  than  suboceanic  matter. 

To  him  the  cooling  earth  might  be  regarded  as  composed  of  concen- 
tric isothermal  shells,  each  cooling  by  conduction.  The  exterior  bemg 
the  first  to  cool  and  solidify,  would,  through  the  shrinking  away  of 
the  still  cooling  interior,  become  subjectea  to  powerful  horizontal 
pressure  or  thrust,  which  as  time  went  on  would  find  relief  in  the 
direction  of  least  resistance  (i.  e.,  upward)  and  along  lines  of  weakness. 
It  was,  however,  his  idea  that  tliis  yielding  was  not  by  upbending  into 
an  arch,  but  by  a  mashing  or  crushing  together  horizontally  like  dough 
or  plastic  clay,  witli  more  or  less  folding  of  the  strata  and  an  ups well- 
ing or  thickening  of  the  whole  squeezed  mass. 
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He  showed  that,  were  a  mass  of  sediments  10,000  feet  in  thickness 
subjected  to  horizontal  pressure  and  crushing  sufficient  to  develop 
well-marked  cleavage  structure,  abreadth  of  2i^  miles  would  be  crushed 
into  1  mile,  and  10,000  feet  thickness  would  be  swelled  to  25,000,  mak- 
ing an  actual  elevation  of  the  surface  of  15,000  feet.  He,  therefore, 
felt  justified  in  asserting  that  the  phenomena  of  plication  and  of  slaty 
cleavage  demonstrated  a  crushing  together  horizontally  and  an  upswell- 
ingof  the  whole  mass  of  sediments,  the  upswel ling  produced  b}^  this  cause 
alone  being  sufficient  to  account  for  the  elevation  of  the  greatest  moun- 
tain chains. 

Hall's  theory,  previously  noted  (p.  499),  he  regarded  as  wholl}^  failing 
to  explain  the  actual  process  by  which  the  chains  had  been  formed; 
and,  taking  into  account  the  breadth  of  the  Appalachians  (at  least  100 
miles),  he  showed  that  the  gentleness  of  the  supposed  convex  curve  of 
Hall  would  not  produce  the  amount  of  crushing  necessary  for  the  for- 
mation of  the  immense  plication. 

Moreover,  he  pointed  out  the  fact  that  sedimentation  and  subsidence 
were  going  on  together,  and,  therefore,  that  the  upper  surface  was 
probably  never  convex  at  all,  but  nearly  or  quite  horizontal  all  the 
time.  Subsidence  under  such  conditions  might  produce  horizontal 
tension  or  stretching  of  the  lower  strata,  but  could  not  produce  the 
crushing  and  plication  of  the  upper. 

To  Whitney's  idea  that  plication  was  the  result  of  the  subsidence  of 
a  mountain  axis  he  likewise  took  exception,  and  contended  that  chains 
and  mnges  were,  beyond  question,  produced  by  horizontal  thrust, 
crushing  together  the  whole  rock  mass  and  swelling  it  up  vertically, 
this  thrust  being  the  necessary  result  of  secular  contraction  of  the  inte- 
rior of  the  earth.  In  other  words,  'Mnountain  chains  are  formed  by 
the  mashing  together  and  upswelling  of  sea  bottoms  where  immense 
thicknesses  of  sediments  have  accumulated,  and  as  the  greatest  accu- 
mulations usually  take  place  off  the  shores  of  continents  mountains  are 
usually  formed  bj^  the  uppressing  of  marginal  sea  bottoms."  The  sub- 
marine ridges  and  hollows  shown  by  the  soundings  of  the  Coast  Survey 
to  exist  along  the  course  of  the  Gulf  stream,  extending  from  the  point 
of  Florida  to  the  coast  of  New  England,  he  felt  might  be  true  subma- 
rine mountain  ranges  now  in  course  of  formation  by  the  processes 
already  described. 

Referring  to  the  subject  of  metamorphism  of  rocks,  as  shown  in 
mountain  chains,  he  argued  as  follows:  Supposing  sediments  accumu- 
lating along  the  shores  of  a  continent.  The  first  effect  is  lithification, 
and,  therefore,  increasing  density,  causing  contraction  and  subsidence 
)>ari  pasnc  with  the  deposit.  Next,  if  the  sedimentation  continue, 
aqueo-igneous  softening  or  even  melting  would  follow,  not  only  of  the 
lower  portions  of  the  sediments  themselves,  but  of  the  underlying  strata 
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upon  which  they  were  deposited.  Finall},  this  softening  would  be 
suflScient  to  cause  a  jaelding  to  horizontal  pressure  along  the  line,  and 
a  consequent  upswelling  of  the  line  into  a  chain.  Even  the  granitic 
axes  of  mountain  ranges  might,  he  thought,  in  most  cases  be  but  the 
lowermost,  and,  therefore,  most  highly  metamorphosed  portions  of  the 
squeezed  mass,  exposed  by  erosion. 

He  agreed  with  Richthofen  and  Whitney  that  the  great  masses  of 
lava,  often  constituting  the  chief  bulk  of  mountain  chains,  had  not 
come  from  craters  but  from  fissure  eruptions,  and  that  volcanoes  are 
themselves  only  secondary  phenomena,  produced  by  the  access  of 
meteoric  water  to  the  still  hot  interior  portions.  He  did  not,  how- 
ever, agree  with  them  in  assuming  that  this  iluidal  mass  was  a  part  of 
a  universally  incandescent  liquid  interior,  but  rather  a  submountain 
reservoir  locally  formed.  He  felt  that  this  theory,  while  not  dependent 
upon,  was  powerfully  supported  by,  the  views  of  Rose,  Bischoff,  and 
others  as  to  the  metamorphic  origin  of  gmnite  and  other  igneous 
rocks,  a  view  which  regarded  the  surface  materials  as  having  passed 
by  perpetual  cycles  through  all  the  stages  of  rocks  and  soils — igneous 
rocks  disintegrated  to  soils  carried  away  and  deposited  as  sediments; 
consolidated  into  stratified  rocks;  metamorphosed  into  gneiss,  granite, 
or  even  lavas;  to  be  again,  after  eruption,  reconverted  into  soils,  and 
recommence  the  same  eternal  round. 

In  furtherance  of  these  same  views,  Le  Conte  in  1876  gave,  in  the 
American  Journal  of  Science,  the  results  of  observations  made  in  the 
Coast  Range  Mountains  of  California  along  the  line  of  the  Central 
Pacific  Railroad.  He  found  the  largely  unaltered  rocks  here  thrown 
into  a  series  of  anticlines  and  83^nclines  with  angles  of  dip  varying 
from  65"^  to  70^.  From  this  he  estimated  that  the  original  matter  as 
deposited  on  a  sea  bottom  must,  in  the  building  of  the  range,  have 
been  crushed  from  a  breadth  or  width  of  15  to  18  miles  into  6 
miles,  with  a  corresponding  upswelling  of  the  whole  mass.  In  1878 
Le  Conte  had  another  paper  in  the  same  journal  on  the  same  sub- 
ject, in  which  he  argued  that  mountain  ranges  are  always  formed  by 
horizontal  pressure,  and  that  this  pressure  on  a  large  scale  could  be 
produced  only  by  the  interior  contraction  of  the  earth.  To  overcome 
the  objections  raised  by  some  to  this  theory  to  the  effect  that  interior 
contraction  could  not  concentrate  its  manifest  results  along  certain 
lines  without  such  a  slipping  and  shearing  as  is  impossible  in  a  solid 
earth,  he  conceived  the  presence  of  a  solid  nucleus  and  a  solid  crust 
separated  by  a  zone  of  fused  or  semifused  matter.  To  an  objection 
that  contraction  based  upon  shrinkage  alone  was  inadequate  to  pro- 
duce the  evident  results,  he  argued  that  there  might  be  other  c-auses, 
such  as  loss  of  water  in  fonn  of  vapor  by  volcanic  action,  and  still 
others  concerning  which  as  yet  nothing  was  known.  His  theory  of 
origin,  as  he  here  suumied  it  up,  consisted  of  three  stages:  (1)  A  stage 
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of  preparation  by  sedimentation;  (2)  a  stage  of  yielding  by  horizontal 
pressure;  and  (8)  a  stage  of  erosion  or  mountain  decay. 

Le  Conte  was  born  in  Liberty  County,  Georgia,  February  26,  1823, 
and  grew  to  manhood  under  influences  of  ease  and  enjoyment  such  as 
have  fallen  to  the  lot  of  few  American  geologists.     Educated  as  a 

physician,  he  early  gave  up  practice  and  in  1850  re- 
sketch  of  Le  Conte.    movcd  to  Cambridge,  in  Massachusetts,  to  become  a 

student  of  Agassiz.  In  less  than  two  years  he,  how- 
ever, returned  to  Georgia,  where  he  became  professor  of  natural 
vscience  at  Oglethorpe  Universit3\  His  stay  here  was  brief.  In 
December,  1852,  he  became  attached  to  the  University  of  Georgia,  at 
Athens,  and,  in  185(5,  professor  of  chemistr\^  and  geology  in  South 
Carolina  College,  at  Columbia.  Here  he  remained,  enduring  the  vicis- 
situdes of  the  civil  war,  but  abandoned  his  beloved  South  in  1869  (at 
a  period  when  men  of  his  type  were  most  needed)  to  l)ecome  professor 
of  geolog}^  zoology,  and  botany  in  the  Uni- 
versity of  California,  at  Berkeley.  Here 
he  remained  until  his  death,  in  1902. 

In  1866  E.  W.  Hilgard,  at  the  suggestion 
of  Professor  Henry,  of  the  Smithsonian 
Institution,  visited  the  salt  deposits  of  Petite 

Islands  and   published  the 

Hikrard's  Work  at  ,  ^    ,  .        , 

Petite  Anse,  rcsults  of  his  observations 

Lonislana,  1872.  .,.,.,  .         ^m 

m  the  hmithsonian  Cx)ntri- 
butions  to  Knowledge  in  1872,  under  the 
title  On  the  Geolog}^  of  Lower  Louisiana 
and  the  Salt  Deposits  of  Petite  Anse. 

As  was  to  be  expected,  Hilgard  differed 
completel}"  with  Thomassy,  whose  work  has 
been  noted,  and  who,  it  will  be  remembered, 
regarded  the  island  as  of  volcanic  origin.  On  the  contrary,  the  island, 
and  others  of  the  group,  were  regarded  as  Ci'etaceous  outliers,  with 
cappings  of  drift  and  other  alluvial  matter,  the  salt  beds  themselves 
being  of  Cretaceous  age. 

Both  Hilgard  and  Thomassy  believed  the  sand  and  shingle  detritus 
covering  a  large  portion  of  the  States  bordering  on  the  lower  Missis- 
sippi was  due  to  a  great  flood,  which  might  have  resulted  from  the  mpid 
melting  of  the  northern  glaciers.  Referring  to  the  belief  expressed 
by  some  of  the  western  geologists  to  the  effect  that  the  main  body  of 
the  drift  was  due  to  floating  icebergs  on  an  inland  sea,  Hilgard  con- 
ceived its  northern  limits  to  have  been  lixed  by  the  ice  barriers. 
Toward  the  east,  southeast,  and  southwest  it  would  l)e  defined  by  the 
Allegheny,  Cum])erland,  and  Ozark  ranges,  the  main  outlet  lying, 
doubtless,  in  the  axis  of  the  Mississippi  Valley,  the  gap  between  the 
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Ozark  and  Cumberland  highlands  not  having  been  eroded  to  its  present 
level. 

A  sudden  break  in  the  lower  portion  of  the  barriers  would,  he 
argued,  produce  the  phenomena  as  now  observed,  namely,  the  action 
of  violent  currents  plowing  up  and  redepositing  the  material  of  the 
more  ancient  formations,  carrying  down  in  the  main  channel  rocks 
of  high  northern  derivation,  restratifying  and  otherwise  modifying 
toward  the  end  a  good  portion  of  the  iceberg  drift  and,  as  the  current 
diminished,  covering  over  the  coarse  material  with  the  Orange  sand. 

In  1873  W.  C.  Kerr,  State  geologist  of  North  Carolina,  published 
in  the  Proceedings  of  the  American  Philosophical  Society  a  brief  but 
suggestive  paper  on  the  possible  influence  of  the  earth's  rotation  on 
the  deflection  of  rivers.  He  called  attention  to  a  fact 
Effects  of  Earth's  so  obvious  as  to  havc  been  evident  to  the  common 
people  of  that  State,  that  in  both  the  Carolinas  the 
eastward  flowing  rivers  always  presented  high  banks  and  bluffs  on  the 
south  side  and  low  plains  and  swamps  on  the  north;  also  to  the  fact, 
owing  to  these  topographical  conditions,  that  the  large  towns  and  main 
roads  were  always  on  the  south  side  also. 

In  seeking  for  a  cause  for  this  Kerr  rejected  the  slow  subsidence 
theory  of  Tuomey,  and  suggested  that  it  was  due  rather  to  the  rotation 
of  the  earth,  coacting  with  the  force  of  the  river  currents,  and  called 
in  to  sustain  his  opinions  the  law  of  motions  as  developed  by  Prof. 
W.  Ferrel: 

In  whatever  direction  a  body  moves  on  the  surface  of  the  earth  there  is  a  force 
arising?  from  the  earth's  rotation  which  deflects  it  to  the  right  in  the  northern,  but 
to  the  left  in  the  southern  hemisphere. 

Whether  or  not  the  application  of  this  principle  was  original  with 
Kerr,  it  is  of  course  impossible  to  say.  This,  however,  seems  to  have 
been  its  first  application  in  America,  though  von  Baer  had  suggested 
as  early  as  1860  like  results  in  the  case  of  north  and  south  flowing 
rivers,  as  the  Irtisch  and  the  Volga  of  Russia. 

Kerr's  final  report  on  the  geology  of  North  Carolina,  although  pre- 
sented in  1870,  was  not  printed  until  1875,  owing  to  the  parsimonioiLS 
action  of  the  State  legislature,  the  public  printer  being  allowed  finally 
to  set  it  up  only  under  condition  that  the  work  be 
CMSifna^^/sjo''^^'^''  done  in  intervals  of  other  work  on  the  laws,  docu- 
ments, supreme  court  reports,  etc. 

The  report  was  accompanied  by  a  colored  geological  map  and  three 
colored  sections.  The  classification  of  the  rocks  adopted  was  as  shown 
on  next  page. 
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PKOGRB^IVE  THEORETICAL  VIEW. 


The  following  scheme  exhibits  the  progress  of  theoretical  notions  which  have 
ol)tained  at  different  times  with  regard  to  the  classification  of  the  formations — the 
age  and  horizon  of  the  rocks  in  the  State: 


Mitchell,  1842. 


Emmons,  1856. 


Present,  1875. 


i Post-Pliocene Quaternary. 
mIS:::::::::::;::::::::  Wioee-^e-  Ixertiary. 
Eocene  « i  Eocene.    J 

{Cretaceous I  Cretaceous. 
per;n:::::::::::::::;::::;:;::::::|}Tri-- 

T^neition |  Taconic fe?^. 

{Gneiss I  ] 
(iranite j  [Laurentian. 
Syenite J 

a  Also  partly  Quaternary  and  partly  Cretaceous. 

This  report  gave  a  very  fair  summary  of  the  knowledge  of  the 
geology  of  North  Carolina  up  to  date.  The  thin  gravels  overlying 
the  eroded  surfaces  of  the  Eocene,  Miocene,  and  Cretaceous  in  the 
eastern  part  of  the  State  were  regarded  as  of  glacial  origin,  the  under- 
lying rock  being  planed  down  by  the  currents  and  drifting  ice  which 
brought  the  bowlders  from  the  Archean  hills  of  Chatham.  This  idea 
is  not,  however,  genemlly  accepted.  North  Carolina  being  now  uni- 
versally recognized  as  far  south  of  the  glacial  limit. 

The  gold-bearing  gravels  were  looked  upon  as  beds  of  till  which  had 
crept  down  the  declivities  of  the  hills  and  mountains,  as  glaciers 
descend  Alpine  valleys  by  successive  freezing  and  thawing  of  the 
whole  water-saturated  mass,  both  gravitation  and  the  expansion  of 
freezing  contributing  to  the  downward  movement.  This  is  evidently 
the  same  idea  as  that  later  advanced  by  I.  C.  Russell  in  his  description 
of  the  debris  streams  of  Alaska. 

Appendices  attached  contained  a  list  and  descriptions  of  the  new 
genera  and  species  of  fossil  shells,  by  T.  A.  Conrad,  and  the  minerals 
of  the  State,  by  F.  A.  Genth.  A  chapter  on  corundum  and  its  aaso- 
ciated  rocks,  by  C.  D.  Smith,  is  mainly  of  interest  from  the  fact  that 
Smith  regarded  the  chrysolitic  rocks  as  of  igneous  origin,  a  conclusion 
which  for  sometime  was  disputed,  but  to  which  later  workers  have 
returned. 

Kerr  was  of  Scotch-Irish  descent,  though  born  in  North  Carolina. 
His  parents  dying  while  he  was  quite  young,  he  was  adopted  by  a 
Rev.  Dr.  Caruthers,  a  Presbyterian  minister,  under  whose  instruction 
he  was  fitted  for  the  State  University  at  Chapel  Hill,  where  he  gradu- 
ated in  1850  with  highest  honors.  After  graduation  he  taught  school 
for  a  while  at  Williamstown  in  his  native  State,  until  elected  to  a  pro-^ 
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fessorship  in  Marshall  University,  Texas.  This  position  he  resigned 
in  1852  to  accept  an  appointment  as  computer  in  the 
Sketch  of  Kerr.  Nautical  Almanac  OflSce,  then  located  at  Cambridge, 
Massachusetts.  While  here  he  entered  the  Lawrence 
Scientific  School  and  studied  under  Agassiz,  Gray,  and  the  chemist 
Horsford. 

In  1857  he  accepted  a  professorship  at  Davidson  College  in  North 
C'arolina,  where  he  remained  until  1865,  though  his  active  work  ceased 
in  1862,  owing  to  a  falling  off  in  income  and  students,  incident  to  the 
civil  war.  From  the  latter  part  of  1862  to  early  in  1864  he  was  chemist 
and  superintendent  of  the  Mecklenburg  Salt  Works,  near  Charleston, 
South  Carolina,  but  after  the  destruction  of  the  works,  returned  to 
Noi-th  Carolina,  where  he  became  nominally  State  geologist  in  1864, 

though  active  work,  owing  to  the  confusion 
and  disorganization  of  war,  did  not  begin 
until  1866. 

It  is  safe  to  say  that  f ew^  men  ever  entered 
upon  the  work  of  a  geological  survey  under 
more  unfavorable  auspices.  He  himself 
had  had  no  extend(»d  experience,  nor  was 
he  a  trained  specialist.  Little  money  was 
available,,  the  industries  of  the  State  para- 
lyzed, and  her  social  conditions  disorgan- 
ized, if  not  demoralized.  The  State  had 
never  a  more  genuine  and  sagaciously  pub- 
lic-spirited citizen  than  he,  but  the  times 
were  evil,  and  for  several  years  Professor 
Kerr  shared  the  fate  of  all  public  officials 
who  were  endeavoring  to  adjust,  to  reconcile,  and  to  go  forward.  His 
motives  \vere  misrepresented,  his  character  assailed,  his  abilities  ques- 
tioned, his  work  maligned.  Yet  in  the  face  of  all  this,  without  good 
mai)s  and  with  few  roads,  a  great  work  was  accomplished. 

During  one  of  the  first  years  of  the  survey  he  traveled,  mainh"  on 
horseback,  1,700  miles  over  moimtainous  country,  with  and  without 
roads,  and  during  the  season  of  1866  and  1867  not  less  than  4,0(X) 
miles.  Work  thus  performed  was  from  necessity  largely  in  the  nature 
of  reconnaissance.  The  subjects  of  drainage  and  topography  received 
a  large  share  of  attention,  and  indeed  a  large  part  of  his  w^ork  was 
along  physiographic  lines,  though  by  no  means  limited  thereto.  Agri- 
cultural and  mineral  resources  were  investigated  and,  so  far  as  pos- 
sible with  the  limited  means  at  his  command,  advertised.  His  papers 
which  attracted  the  most  widespread  attention  were  doubtless  those 
relating  to  the  action  of  frost  on  superficial  materials  and  the  unequal 
erosion  of  the  banks  of  a  stream,  due  to  the  earth's  rotation. 
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Smith's  Work  In 
Alabama,  1873. 


Kerr  was  a  man  of  slight  physique,  and  for  the  last  ten  or  fifteen 
years  of  his  life  suffered  from  catarrh  of  the  digestive  organs.  The 
funds  available  were  too  small  to  enable  him  to  employ  permanent 
assistants,  either  in  the  field  or  as  clerk  or  amanuensis.  Under  these 
circumstances  the  amount  of  work  accomplished  was  certainly 
remarkable. 

He  was  an  exceedingly  liberal  man — a  man  of  generous  temper  and  of  large  views. 
*  *  *  He  was  deeply  religious  and  always  prominent,  although  in  an  unobtrusive 
way,  in  matters  pertaining  to  the  churtth.  As  a  Christian  gentleman,  those  who 
have  known  him  l)est  have  admired  him  most.  His  heart  was  warm  and  generous, 
his  mind  clear,  active,  and  progressive,  his  conscience  keen  and  inflexible.  He  was 
honest  in  every  sense  of  the  word.  There  was  nothing  of  policy  in  his  thought 
or  action;  on  the  contrary,  he  was  frank  and  outspoken,  at  times  even  to  a  fault. 
(Holmes.) 

In  1873  the  legislature  of  Alabama  passed  an  act  reviving  the  sur- 
vey, which  had  been  discontinued  after  the  death  of  Professor  Tuomey, 
in  1857,  and  named  Prof.  Eugene  A.  Smith, 
of  the  University  of  Alabama,  State  geol- 
ogist. This  oflSce  Professor 
Smith  has  continued  to  hold 
down  to  the  present  time. 
Tp  to  and  including  1880  he  had  made  five 
reports.  Those  were  given  up  mainly  to  a 
discussion  of  the  geographic  distribution  of 
the  various  formations  comprised  within  the 
State  limits,  with  extensive  notes  regarding 
the  economic  possibilities  of  coal,  iron,  and 
other  minerals  of  less  importance. 

In  his  report  for  1875-76  he  treated  of 
the  geolog}"  of  Jones  Vallej"  and  the  Coosa 
Valley  region  and  announced  the  practical 

identity  of  the  formations  there  found  with  those  described  by  Pro- 
fesvsor  Safford  in  Tennessee,  recognizing  the  Ocoee,  Chilhowee,  Knox 
sandstone,  shale  and  dolomite,  and  Lower  and  Upper  Carboniferous. 
In  those  of  1877,  1878,  and  1879  special  reference  was  made  to  the 
Warrior  coal  fields  and  their  probable  value.  Several  colored  county 
maps  were  given,  but  no  geological  map  of  the  entire  State. 

In  the  spring  of  1873  there  was  organized  a  second  geological  survey 

of  Kentucky,  with  N.  S.  Shaler,  then  profcvssor  of  paleontology  at 

Harvard,  chief  geologist  and  director,  and  A.    li.   Cnmdall,   P.   N. 

^   .  Moore,  C.  J.  Norwood,  and  J.  R.  Proctor,  assistants. 

Second  Geological 

Survey  of  Kentucky,  Dr.   Robert  Pctcr  scrvcd  as  chemist.     The  orgfaniza- 

1873-1891.  .  .  1  ^ 

tion  contmued  as  above  until  1880,  when  J.  R.  Proctor 
succeeded  to  the  directorship  through  the  resignation  and  recommenda- 
tion of  Professor  Shaler,  the  survey  coming  finally  to  a  close  in  1891. 


Fig.  90.— Eugene  Allen  Smith. 
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Up  to  1880  five  reports  of  progress  were  issued,  dealing  mainly  with 
economic  problems. 

The  plateau  country  drained  by  the  Colorado  River  offers  facilities 

for  the  study  of  geological  problems  such  as  are,  perhaps,  equaled 

nowhere  else  in  the  world.     This  is  especially  true  with  reference  to 

problems  relating  to  stratiffraphic  succession,  of  uplift 

PoweU's  Exploration  ^  .   ,  .    .  ^  ^     J         .      x-  i- xi_     i.    j  j 

offtheQnmdCanyoD,  With  a  mmimum  amount  of  contortion  of  the  beds,  and 

1869-1874.  ^  .  rwM  ^    ^  .  *    ^i  ^ 

of  erosion.  The  plateau  nature  of  the  country  was 
recognized  by  Newberry  while  with  the  Ives  expedition  in  1860,  and 
by  Blake  in  connection  with  the  Pacific  Kailroad  surveys  in  1856.  It 
remained,  however,  for  Powell,  Gilbert,  and  Button  to  first  bring  out 
the  salient  features  of  the  geology  of  the  region  and  to  work  out  the 
problems  in  a  way  that,  to  quote  the  words  of  Emmons^,  has  formed 
the  starting  point  of  modern  physical  geography. 

In  the  summer  of  1869,  J.  W.  Powell,  a  retired  oflScer  of  the  Federal 

Army,  made  a  boatT;rip  down  the  Colorado, 
startingfrom  Green  RiverCit}' on  the  Union 
Pacific  Railroad  May  24,  and  emerging  from 
the  mouth  of  the  Black  Canyon,  nearly  900 
miles  below,  on  August  30  following — a 
journey  that,  to  quote  Emmons  again,  ''  is 
unequaled  in  the  aruials  of  geographical 
exploration  for  the  courage  and  daring  dis- 
j  ^^^^^^«  played  in  its  execution." 

^^^^^^p^P  In    his  reports   on    these  explorations,* 

j^'^^r  ^i^^%*w  which  were  made  and  published  under  direc- 
tion of  the  Smithsonian  Institution,  Powell 
called  attention  to  the  fact  that  the  canyons 
are  gorges  of  corrosion  and  due  to  the  action 
of  the  river  upon  the  rocks,  which  were 
undergoing  a  gradual  elevation.  As  he  expressed  it,  the  river  pre- 
served its  level,  but  the  mountains  were  lifted  up;  as  the  saw  revolves 
on  a  fixed  pivot  while  the  log  through  which  it  cuts  is  moved  along. 
The  river  was  the  saw  which  cut  the  mountain  in  two.  This  is  essen- 
tially the  idea  advanced  by  Hayden  in  1872  in  his  report  on  the  geology 
of  Montana. 

In  this  report  Powell  first  made  use  of  the  expressions  of  antecedent 
and  connequent  valleys,  meaning  in  the  first  instance  that  the  drainage 
was  established  prior  or  antecedent  to  the  corrugation  of  the  beds  by 
faulting  and  folding;  and  in  the  second  case,  that  the  valleys  have 
directions  which  are  dependent  upon  the  corrugations.  Valleys  which 
were  formed  by  streams,  the  present  courses   of  which  were  deter- 

«  Presidential  acWresa,  Geological  Society  of  Washington,  1896.  ' 

^ Letter  of  transmittal  dated  June  !(>,  1874;  publication  in  1875. 

.,y,u.ed  by  Google 


Fig.  91.— John  Wesley  Powell. 
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mined  by  conditions  not  found  in  the  rocks  through  which  the  chan- 
nels are  now  carved,  but  which  were  in  existence  when  the  district 
last  appeared  above  sea  level,  he  called  superliaposed  valleys. 

In  this  same  report,  too,  Powell  made  use  for  the  first  time  of  the 
term  hose  level  of  eromon^  which  he  defined  as — 

an  imaginary  surface  inclining  sligiitly  in  all  its  parts  toward  the  end  of  the  prin- 
cipal stream  draining  the  area  through  which  the  level  is  supposed  to  extend,  or 
having  the  inclination  of  its  parts  varied  in  direction  as  determined  by  tributary 
streams. 

He  pointed  out,  further,  that  the  region  of  the  Grand  Canyon  was 
a.ter  all  a  region  of  lesser  rather  than  greater  erosion;  that  had  the 
country  been  favored  with  a  rainfall  equal  to  that  of  the  Appalachian 
country,  the  entire  area  might  have  been  reduced  to  a  base  level  which 
would  be  the  level  of  the  sea,  though  the  evidence  of  such  erosion 
might  be  almost  wholly  obliterated. 

J.  P.  Lesley,  writing  in  1874  on  the  iron  ores  of  Spruce  Creek, 
Warriors  Mark  Run,  and  Half  Moon  River,  in  Huntingdon  and  Cen- 
ter counties,  Pennsylvania,  took  the  ground  that  they  were  residual 
deposits  from  the  decomposition  of  fen-iferous  Lower 

J.  p.  Lesley  on  Iron     ,,«i       •        i      i  i  •   i  a  •  i        •     i    i  ^i 

Ores  and  Denudation,  Silunan  bcds,  which  Were  at  one  time  buried  beneath 

1874. 

more  than  16,000  feet  of  Upper  Silurian.  Devonian, 
and  Carboniferous  rocks,  and  had  been  subsequently  exposed  through 
decomposition  and  erosion. 

At  the  end  of  the  coal  era  the  Middle  States  rose  from  the  waves.  *  *  *  The 
edges  of  the  Bellefonte  fault  stoo<l  as  a  mountain  range  as  high  as  the  Alps,  and  the 
backs  of  some  of  the  great  anticlinals  of  Pennsylvania  nmst  havejormed  plateaus 
then  as  high  as  Tibet  and  Bootan  are  now. 

Erosion  commenced  and  has  continued  through  the  Permian,  Jurassic,  CJretaceous, 
and  Tertiary  ages  to  the  present  day,  and  still  goes  on.  The  high  plateau  was 
gradually  worn  down  to  the  present  surface.  Mountains  once  30,000  or  40,000  feet 
high  are  now  but  2,000  or  3,000  above  sea  level. 

Such  extreme  views  as  to  the  possible  height  of  mountain  ranges 
are  equaled  among  modern  geologists  only  by  those  of  Clarence  King 
(p.  612). 

In  1874  N.  H.  Winchell  accompanied,  as  geologist,  the  party  headed 
by  Capt.  W.  Ludlow  to  the  Black  Hills  of  Dakota.  His  report,  appear- 
ing in  1875,  occupied  pages  21  to  66  of  the  quarto  volume  issued, 
and  was  accompanied  by  a  geological  map.  Winchell 
th^^SLml^^liAJ^^^^^^^^^^  ^b®  occurrence  of  Cretaceous,  Jurassic, 
Triassic,  Carboniferous,  and  Silurian  (Potsdam)  rocks, 
overlying  schists  and  slates,  into  and  through  which  granite  had  been 
intruded.  He  agreed  in  the  main  with  Hayden's  observations,  as 
given  in  his  Second  Annual  Report  (1868),  though  he  failed  to  find 
evidence  of  the  unbroken  conformability  of  the  fossiliferous  forma- 
tions. On  the  contrary,  he  mentioned  the  Red  Beds  as  lying  uncon- 
formabl}'  on  the  Carboniferous  limestone.  L.,yH,^t.uuy  ^-^OqIc 
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George  Bird  Grinnell  accompanied  the  expedition  in  the  capacity  of 
paleontologist,  though  the  new  species  of  invertebrate  fossils  found 
( Oholus  pectenoides^  Ttreh^atula  heleria^  and  Lingulepis  primseforrais) 
were  described  and  figured  by  R.  P.  Whitfield. 

The  presence  of  numerous  bands  of  prospectors  on  the  Indian  res- 
ervations of  the  Black  Hills,  led  there  by  the  reported  finding  of  gold 
by  Custer's  and  other  expeditions,  caused  the  National  Government, 
in  1875,  to  send ''  trusty  persons  "  to  examine  the  region 

Work  off  Jenny  and  ,         '^  lo  ^tx  .  .i 

Newton  in  the  and  report  to  the  Secretary  of  the  Interior,  in  order 

Black  Hills   1875.  * 

that  a  proper  basis  might  be  secured  for  future  nego- 
tiations with  the  Indians.  The  locality  being  then  comprised  in  the 
Sioux  Indian  reservation,  immediate  direction  of  affairs  was  put  in 
the  hands  of  the  Indian  Bureau.  Under  this  authorization  W.  P. 
Jenny  was  appointed  to  undertake  the  work,  with  Henry  Newton  as 
assistant.  The  party  entered  the  region  on  the  3d  of  June,  some  400 
strong,  a  large  military  guard  being  esteemed  necessary  on  account 
of  the  manifest  discontent  of  the  Indians,  and  returned  to  Fort  Laramie 
on  October  14,  after  an  absence  of  four  months  and  twenty  da3^s.  A 
preliminary  report  on  the  mineral  resources  of  the  Hills,  accompanied 
by  a  map  by  V.  T.  McGillycuddy,  the  topographer,  was  submitted  by 
Mr.  Jenny  and  published  in  the  report  of  the  Commissioner  of  Indian 
Affairs  for  1875.  The  complete  report  on  the  mineral  resources,  cli- 
mate, etc.,  with  a  preliminary  map,  was  published  in  the  form  of  an 
octavo  pamphlet  of  71  pages  in  1876,  and  the  final  Report  on  the  Geol- 
ogy and  Resources  of  the  Black  Hills  of  Dakota,  in  form  of  a  quarto 
volume  of  566  pages,  with  large  folio  atlas,  in  1880.  This  included, 
also,  the  previous  reports  on  the  mineral  resources,  noted  above.  Un- 
fortunately, Doctor  Newton,  to  whom  was  left  the  general  geology  of 
the  region,  died  before  his  report  was  fully  prepared  for  the  press,  the 
work  being  ably  edited  by  G.  K.  Gilbert,  and  the  volume  issued  as 
one  of  the  monographs  of  the  Powell  survey. 

The  Black  Hills  region,  it  will  be  remembered,  had  already  been 
touched  upon  and  fragmentary  surveys  made  by  numerous  parties, 
including  Dr.  John  Evans  in  1849  and  1853,  Thaddeus  Culbertson  in 
1850,  Meek  and  Ha^^den  in  1853,  and  Hayden,  with  the  military  expe- 
ditions of  Harvey  and  Warren  in  1855  and  1857,  and  with  Captain 
Ray  nolds  in  1859.  Hayden  again  visited  the  region  under  the  auspices 
of  the  Philadelphia  Academy  in  1866,  and  N.  H.  Winchell  with  Custer's 
expedition  in  1876,  as  just  noted.  Under  all  these  conditions  it  is  dif- 
ficult to  estimate  the  value  of  the  work  of  Newton.  Much  that  he 
stated  in  his  report  had  already  been  made  known  by  the  authorities 
mentioned  above.  On  the  other  hand,  much  that  he  might  have  had 
in  mind  to  say  has  never  appeared,  owing  to  his  untimely  death. 

The  summary  of  Black  Hills  history,  as  given,  shows  an  older 
Archean  consisting  of  shales  and  sandstones  over  which,  after  an  inter- 
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val  of  erosion  and  metamorphism,  a  newer  Archean,  consisting  mainly 
of  sandstones,  was  deposited,  aetx>mpanied  by  abundant  intrusions  of 
granitic  rock.  Then  followed  the  period  in  which  these  rocks  were 
raised  to  a  nearly  vertical  position,  metamorphosed,  and  deeply  eroded, 
after  which  the  various  Potsdam,  Carboniferous,  Red  Bed,  Jura,  and 
Cretaceous  deposits  were  conformably  laid  down.  Then  followed  the 
uplift  and  subsequently  the  unconformable  depositions  of  the  White 
liiver  Tertiaries  upon  their  flanks.  The  date  of  the  uplift  is  therefore 
set  as  the  interval  of  time  between  the  Cretaceous  formation  and  the 
beginning  of  the  Miocene  Tertiary.     (See  under  Hayden,  p.  591.) 

Newton  showed  that  the  drainage  from  the  Black  Hills  was  conse- 
quent— that  is,  it  conformed  to  the  dip  of  the  strata.  This  he  con- 
ceived to  be  caused  by  the  streams  having  acquired  their  direction  dur- 
ing the  uplift  of  the  hills,  or  while  they  were  being  laid  bare  by  the 
drainage  of  a  lake.  In  either  case  the  dminage  is  consequent  upon  the 
uplift.  With  the  rivers — the  Belle  Fourche  and  the  South  Fork  of 
the  Cheyenne — the  case  is  different,  however.     These  out  across  the 


Pio.  92.— Ideal  orofw-aectlon  of  the  Black  Hills.    (After  Henry  Newton.) 
The  vertical  scale  Ih  about  six  times  the  horizontal:  the  dotted  lines  indicate  the  portion  of  the 
uplift  removed  by  erosion;  1,  Archean  slates  and  schists:  2,  Granite:  8,  Potsdam,  resting  unconform- 
ably  on  1  and  2:  4,  Carboniferous;  5,  Red  Beds,  with  included  limestone;  6,  Jura;  7.  Cretaceous;  8, 
White  River  Tertiary,  resting  unconformably  on  7. 

uplifted  sti-ata  in  a  way  to  show  that  the  drainage  is  superimposed.  If 
they  existed  prior  to  the  deposition  of  the  Tertiary  sediments  they 
were  completely  blotted  out. 

J.  H.  Caswell  described  the  various  metamoiphic  and  eruptive  rocks 
collected  by  the  survey,  his  paper  forming  the  second  on  the  subject 
of  micropetrography  to  appear  from  the  Government  press,  ZirkePs 
fortieth  parallel  report  (1876)  being  the  first.  The  report  was  accom- 
panied by  two  plates  with  eight  colored  figures  illustrating  micro- 
structure  and  composition,  and  is  of  particular  interest  as  giving  the 
first  authoritative  account  of  the  occurrence  of  the  rock  phonolite  in 
the  United  States.  Caswell,  although  one  of  the  first  in  a  new  and 
fascinating  field,  seems  to  have  rested  on  his  laurels,  content  with  the 
one  effort,  his  name  in  geologic  literature  appearing  here  for  the  first 
and  only  time. 

W.  P.  Jenny,  to  whom  fell  the  economic  work,  reported  gold  occur- 
ring (1)  in  veins  of  quartz  traversing  Archean  schists  and  slates;  (2) 
in  slate  mineralized  by  watere  depositing  silica  and  iron  pyrites5^(3)  in 
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the  conglomerate  forming  the  lower  layer  of  the  Potsdam  sandstone 
and  derived  from  the  Archean  rocfes;  (4)  in  trachyte  and  porphyry 
intruded  at  the  time  of  the  elevation  of  the  hills;  (5)  ^'in  deposits  in 
the  slates  and  sedimentary  rocks  produced  by  the  intrusion  of  the  tra- 
chyte and  porphyry,"  and  (6)  "in  placer  gravels  resulting  from  the 
decomposition  and  erosion  of  the  above  formations  in  Tertiary  times/' 
The  quartz  veins  he  did  not  regard  as  "true  fissure  veins,"  but,  as 
the}'  occurred  filling  iissures  between  the  lamellae  of  the  schists  formed 
in  the  process  of  the  folding,  were  referred  to  as  "  inter  laminated 
fissures." 

The  fossils  collected  by  this  expedition  were  worked  up  by  Whit- 
field while  at  Albany  in  1876. 

Under  act  approved  March  18,  1873,  a  geological  survey  of  Wiscon- 
sin was  authorized,  and  I.  A.  Lapham  appointed  State  geologist  by  the 

then  acting  governor,  C.  C.  Washburn. 
Owing  to  an  apparent  oversight  on  the  part 
of  Governor  W^ashburn, 
wfiS;?rtnf?87Sr'  Professor  Lapham's  name 
was,  however,  not  sent  to 
the  senate  for  approval,  and  an  opportunity 
there))y  offered  for  Governor  W'ashburn'» 
successor,  W.  K.  Taylor,  to  supersede  him 
by  Dr.  O.  W.  Wight.  iSo  far  as  shown  b}- 
public  records,  the  transaction  was  purely 
political  and  not  at  all  creditable  to  Gov- 
ernor Taylor. 

Lapham  therefore  served  but  two  years, 
during  this  time  rendering  two  reports. 
These  were  not  published  independently, 
but  subsequently  formed  the  first  65  pages  of  the  second  volume  of  the 
reports  of  State  geologist,  T.  C.  Chamberlin.  He  was  assisted  by  R.  D. 
Irving,  T.  C.  Chamberlin,  and  Moses  Strong.  The  two  reports 
referred  to  were  naturally  of  a  preliminary  nature,  designed  to  form 
the  basis  for  future  work.  Lapham,  perhaps  even  more  than  others  of 
his  time,  was  an  all-round  naturalist— a  type  not  possible  in  this  day 
and  generation.  Beginning  life  as  a  stonecutter  and  afterwards  a  civil 
engineer,  he  yet  found  time  to  study  and  observe  in  nearly  all  branches 
of  the  sciences,  and  this,  too,  with  remarkable  accumcy.  His  first 
paper  of  a  geological  nature  is  said  to  have  been  prepared  when  he 
was  but  sixteen  years  of  age,  and  was  published  in  the  American 
Journal  of  Science  for  1828.  This  gave  an  account  of  the  geology 
in  the  vicinity  of  the  Louisville  and  Shippingport  Canal,  and  was  illus- 
trated by  a  map  and  geological  sections  of  a  nature  very  creditable 
to  a  youth  of  his  years. 

His  bibliography  includes  upward  of  fifty  titles,  embracing,  besides 
geology,  articles  on  climatology,  archaH)logy,  botany,''^an3^cartogra- 


Fio.  93.— Increase  Allen  Lapham. 
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phy.  He  is  represented  as  a  modest,  patient,  and  industrious  man, 
living  more  for  the  service  of  others  than  for  his  own  aggrandizement. 
He  died  of  heart  trouble  while  alone  on  a  lake  near  Oconomowoc, 
Wisconsin. 

Lapham  was  succeeded,  as  above  noted,  by  O.  W.  Wight,  who  served 
but  one  year  (1875).  His  one  report  of  progress  was  not  published  at 
the  time,  but  was  likewise  included  by  Chamberlin  in  the  second  vol- 
ume of  the  final  reports,  bearing  date  of  1877.  It  contained  matter  of 
little  other  than  historical  interest. 

In  February,  1876,  Prof.  T.  C.  Chamberlin  was  placed  in  charge  of 

the  State  survey.     The  organization  continued  in  existence  until  1879, 

the  final  reports  appearing  in  the  form  of  four  royal  octavo  volumes, 

dated,  respectively.  Vol.  I,  1883;  Vol.  II,  1877;  Vol. 

ofWlSSII3'n^^l876?  in,  1880,  and  Vol.  IV,  1882,  comprising  altogether 

3,035  pages. 

The  principal  assistants  on  the  survey 
were  R.  D.  Irving,  F.  H.  King,  Moses 
Strong,  E.  T.  Sweet,  J.  D.  Whitney,  and 
L.  C.  Wooster.  R.  P.  Whitfield  served  as 
paleontologist.  Aside  from  acting  as  di- 
rector of  the  survey,  Chamberlin  himself 
took  charge  of  the  geology  of  eastern 
Wisconsin,  of  which  he  described  in  con- 
siderable detail  the  hydrology,  the  soils, 
and  the  glacial  drift.  Tlie  so-called  Kettle 
Range  he  believed  to  be  in  part  moraines, 
and  the  kettle  holes  to  be  due  mainl}^  to  the 
melting  of  masses  of  ice  buried  in  the  grav- 
els. He  discussed  the  economical  value  of 
the  clays  and  shell  marls  of  the  region,  and 

for  the  first  time  in  America  demonstrated  the  usefulness  of  the 
microscoi>e  in  examinations  of  detrital  rocks.  In  this  connection  he 
noted  that  a  microscopic  examination  of  the  sand  grains  of  the  Pots- 
dam sandstone  was  entirely  fatal  to  the  view  still  occasionally  advanced 
to  the  effect  that  such  were  produced  by  crystallization  from  solution. 
He,  in  his  turn,  however,  failed  to  recognize  the  possibility  of  the 
crystalline  form  of  some  of  the  granules  being  due  to  secondary 
enlargement  (see  pp.  469  and  553). 

The  oolitic  iron  ore  lying  between  the  Cincinnati  shales  and  the 
Niagara  limestone  was  thought  to  be  undoubtedly  a  marine  deposit  laid 
down  in  detached  basins.  It  was  shown,  further,  that  the  three  well- 
marked  classes  of  limestone  occurring  in  the  southeastern  counties  of 
Wisconsin  graded  into  each  other  and  were  doubtless  formed  contem- 
poraneously, the  residual  mounds  or  ridges  being  ancient  coral  reefs, 
while   the   granular   sand  rock  was   formed  from  calcareous  sands 
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derived  by  wave  action  from  the  reef,  the  compact  strata  being  deeper 
quiet-water  deposits  of  the  same  material. 

Chamberlin  also  investigated  the  ore  deposits  of  the  southeastern 
part  of  the  State,  and  discussed  thoroughly  the  problems  involved  in 
the  origin  of  the  ores,  disagreeing  in  many  minor  points  with  both 
Doctors  Owen  and  Whitney.  The  crevices  in  which  the  ores  occur  he 
believed  to  have  originated  primarily  in  the  folding  of  the  rocks  by 
lateral  pressure.  He  pointed  out  that  the  ore  beds  occur  mainly  in 
basin-like  depressions  and  argued  that  the  ore  material,  originally  in 
solution  in  sea  water,  was  deposited  contemporaneously  with  the  lime- 
stone through  the  action  of  sulphureted  vapors  given  off  by  the 
decomposition  of  organic  matter,  and  that,  after  the  elevation  of  the 
beds  above  sea  level,  percolating  meteoric  waters  oxidized  and  dis- 
solved the  ore  once  more  and  carried  it  into  the  fissures  above  noted, 
where  it  was  the  second  time  precipitated  as  sulphides.  Fourteen- 
hundredths  of  1  per  cent  of  ore  material  disseminated  throughout 
100  feet  in  depth  of  the  ore-bearing  limestone  would,  he  pointed  out, 
be  suflScient  to  have  formed  all  the  deposits  as  they  now  exist,  lie 
did  not  agree  with  Whitney  in  assuming  that  the  oceanic  waters  of 
early  geologic  periods  were  ri<;her  in  metallic  salts  than  those  of  'ater 
data,  instancing  in  support  of  his  argument  the  fact  that  the  ore-bearing 
beds  were  in  many  cases  really  poorer  in  organic  matter  than  those 
which  were  nonmetallif erous  and  more  ancient.  This  criticism  did  not, 
however,  affect  the  general  principle  as  laid  down  by  Whitne}\  With 
his  predecessors  he  doubted  the  probability  of  the  existence  of  work- 
able deposits  of  ore  in  the  Lower  Magnesian  limestone. 

Volume  I  of  the  reports  of  this  survey  was  designed  as  a  general 
treatise  on  the  geology  of  the  State,  suited  to  the  wants  of  explorers, 
miners,  landowners,  and  manufacturers.  In  this  Chamberlin  stated 
his  belief  that  the  original  source  of  the  Keweenawan  copper  ore  was 
the  igneous  rocks,  from  whence  it  has  been  concentrated  through  the 
agency  of  permeating  atmospheric  waters.  To  quote  his  own  words, 
he  believed — 

First,  that  the  metals,  copper  and  silver,  were  primitively  constituents  of  the  rocks 
that  were  melte<l  to  produce  the  lavas  which  formed  the  trappean  sheets  of  the 
formation;  second,  that  they  were  brought  up  and  spread  out,  commingled  with 
the  molten  rock  material;  third,  that  they  were  chemically  extracteil  thence  by  per- 
colating waters  and  concentrated  in  the  porous  belts  or  fissures  of  the  formation, 
giving  rise  to  the  exceptionally  rich  deposits  for  which  the  formation  is  famous;  and 
fourth,  that  the  surface  disintegration  of  portions  exposed  in  the  latter  part  of  the 
period  yielded  metallic  ingredients  to  the  adjacent  sea,  from  whence  they  were 
extracted  by  organic  agencies,  giving  rise  to  impregnated  sediments,  which,  in  turn, 
through  subsequent  concentrations,  gave  rise  to  other  copper  and  silver  deposits, 
among  which  are  to  be  reckoned  the  later  metallic  horizons  of  the  Lake  Superior 
region  and  possibly  elsewhere. 

Naturally,  the  subject  of  the  drift  was  treated  in  considerable  detail. 
The  Glacial  period  was  divided  into  the  Terrace  op' Fluviatile  epoeh, 
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Champlain  or  Lacustrine  epoch,  the  Second  Glacial  epoch,  inter- 
Glacial  epoch,  and  first  Glacial  epoch.  This  formal  announcement  of 
the  fact  that  there  had  been  two  distinct  periods  of  glaciation  was 
here  made  for  the  first  time,  although  as  noted  on  pa^e  463,  Prof.  Edward 
Hitchcock  had  suggested  its  possibility  as  early  as  1866.  The  law  of 
flowage  Chamberlin  regarded  as  essentially  similar  to  that  of  viscous 
fluids,  in  accordance  with  the  observations  of  Agassiz,  Forbes,  Tyn- 
dall,  and  others.  A  later  study  of  Greenland  glaciers  has  caused  him 
to  change  his  views  on  this  point. 

Irving,  as  one  of  Chamberlin's  assistants,  dwelt  with  great  detail  on 
the  lithological  character  of  the  rocks  in  the  regions  surveyed  by 
him,  and  bis  reports  are  notable  for  the  beauty  of  the  colored  plates 
of  thin  sections,  which  were  by  far  the  best  that  had 
been  prepared  and  published  by  an  American  up  to 
that  date.  He  was  assisted  in  this  part  of  the  work 
by  C.  R.  Van  Hise.  He  also  described  in  some  detail  the  glacial  drift, 
and  was  the  first  to  announce  that  the  Kettle 
Itange  of  central  Wisconsin  wds  a  continu- 
ous terminal  moraine. 

In  the  third  edition  of  his  work  on  Acadian 
Geology,  which  appeared  in  1878,  Dawson 
returned  once  more  to  a  vigorous  discussion 
of  the  problems  of  the  ice  age,  and  to 
register  again  his  opposition  to  the  views 
general ly  held  by  American 

Third  Edition  of  ^      .       ."J  .,''  ,    ^, 

Dawson's  Acadian      ffeolocTists.      Many    OT    the 

Geology,  1878.  .  ^11 

arguments  used  closely  re- 
sembled those  of  his  former  papers  and  may 
be  reviewed  here  for  the  last  time.  He  re- 
garded the  phenomena  of  the  l)owlder  clay 
and  drift  in  eastern  America  as  due  to  the 
action  of  local  glaciers,  drift  ice,  and  the  agency  of  cold  northern 
currents.  Against  the  theory  of  an  universal  glacier  he  again  argued 
on  the  gi'ound  that  such  suppositions  were  not  warranted  by  the  facts. 
"The  temperate  regions  of  North  America  could  not  be  covered  with 
a  permanent  mantle  of  ice  under  existing  conditions  of  solar  radiation; 
for,  even  if  the  whole  were  elevated  into  a  table-land,  its  breadth 
would  secure  a  suflScient  summer  heat  to  melt  away  the  ice  except 
from  high  mountain  peaks."  For  the  supposition  that  such  immense 
mountain  chains  existed  and  have  disappeared,  he  found  no  warrant 
in  geology,  and  for  such  an  "unexampled  astronomical  cause  of  refrig- 
eration "  as  the  earth's  passing  into  a  colder  portion  of  space,  he  found 
no  evidence  in  astronomy.  Against  Frankland's  idea  that  glaciation 
was  brought  about  through  a  higher  temperature  of  the  sea  along 
with  a  lower  temperature  of  the  land,  he  instanced  the  actual  colder 
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condition  of  the  sea,  as  shown  by  the  fossils  of  that  period.  He  agreed 
with  Lyell  in  regarding  the  theory  of  the  varying  eccentricity  of  the 
earth  as  expounded  by  Croll  as  insufficient;  moreover,  it  seemed  to  him 
physically  impossible  that  a  sheet  of  ice  such  as  that  supposed  could 
move  over  an  uneven  surface,  striating  it  in  directions  uniform  over 
vast  areas  and  often  diflFerent  from  the  present  inclination  of  the 
surface. 

He  was  further  influenced  in  his  opinion  by  the  work  of  Hopkins, 
who  showed,  apparently,  that  only  the  sliding  motion  of  glaciers 
could  polish  or  erode  rock  surfaces,  and  the  internal  changes  in  their 
mass — the  result  of  weight — could  have  little  or  no  effect.  Glaciers, 
moreover,  he  argued  could  not  have  transported  the  bowlders  great 
distances  and  lodged  them  upon  the  hilltops,  and  the  universal  glacier, 
would,  moreover,  have  no  gathering  ground  for  its  materials.  The 
huge  feldspar  bowlders  from  the  Laurentide  Hills,  stranded  at  Mon- 
treal Mountain  at  a  height  of  600  feet  above  the  sea  and  from  50  to  60 
miles  farther  southwest,  and  which  must  have  come  from  little,  if 
any,  greater  elevation  and  from  a  direction  nearly  at  right  angles  to 
that  of  the  glacial  stria?,  were  against  the  ice-sheet  theory,  as  were 
also  the  large  bowlders  scattered  through  the  marine  stratitied  clays 
and  sands,  and  the  occurrence  of  marine  fossils  in  the  lower  part  of 
the  drift,  in  the  true  till  near  Portland  and  Cape  Elizabeth,  Maine,  and 
at  various  points  on  the  St.  Lawrence  in  Canada.  In  the  Post- 
Pliocene  deposits  of  Canada  he  found  evidence  of  a  gradual  elevation 
from  a  state  of  depression  which  may  have  amounted  to  more  than 
500  feet,  while  only  the  bowlder  clay  represents  the  previous  subdi- 
vision, and  only  striations  on  the  rocks  indicate  an  ice-clad  condition 
of  the  land.  Both  plant  and  animal  life  indicated  to  him  that  the  con- 
ditions of  temperature  of  the  sea  were  not  greatly  different  from  those 
of  to-day. 

Referring  to  the  direction  of  the  striae,  he  found  evidence  such  as 
led  him  to  declare  without  hesitation  that  their  direction  is  "from  the 
ocean  toward  the  interior  against  the  slope  of  the  St.  Lawrence  Val- 
ley." This,  he  felt,  at  once  disposed  of  the  glacial  theory  for  the 
prevailing  set  of  striae,  since  he  could  not  suppose  a  glacier  to  move 
from  the  Atlantic  up  into  the  interior.  On  the  other  hand,  he 
regarded  it  as  eminently  favorable  to  the  idea  of  ocean  drift.  A 
subsidence  sufficient  to  convert  the  Canadian  plains,  New  York,  and 
New  England  into  a  sea  would,  he  thought,  cause  the  Arctic  current 
to  pour  over  the  Laurentide  rocks  on  the  north  side  of  Lake  Superior 
and  Lake  Huron,  cutting  out  the  softer  strata  to  form  their  beds,  and 
drifting  their  materials  to  the  southwest.  The  lower  strata  of  the 
current  would  be  diverted  through  the  strait  between  the  Adirondacks 
and  Laurentide  Hills,  and,  flowing  over  the  ridge  of  hard  rocks  which 
connects  them  at  the  Thousand  Islands,  would  cut  out  the  long  basins 
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of  Lake  Ootario,  heaping  up  at  the  same  time  in  the  lea  of  the  Lau- 
rentian  ridge  the  great  mass  of  bowlder  clay  which  intervenes  between 
Lake  Ontario  and  Georgian  Bay.  Lake  Erie  and  Lake  Michigan 
were,  he  argued,  cut  out  by  similar  currents.  At  times  of  obstruction 
of  currents  which  produced  the  southwest  striations,  while  the  val- 
leys of  the  Ottawa,  Mohawk,  Lake  Champlain,  and  the  Connecticut 
were  arms  of  the  sea,  the  currents  would  set  along  these  arms,  pro- 
ducing the  northwest  and  southeast  striations. 

Local  glaciation  might  prevail  in  high  peaks,  but  the  so-called 
moraines  were  to  his  mind  shingle  beaches  and  bars  and  old  coast  lines 
loaded  with  bowlders  and  ozars.  The  fiords  on  the  coavst,  like  the 
deep  lateral  valleys  of  mountains,  were  evidences  of  the  action  of 
waves  and  currents  i-ather  than  those  of  ice. 

The  subsidence  noted  above,  which  would  result  in  converting  the 
plains  of  Canada,  New  York,  and  New  England  into  seas  and  cause 
the  Arctic  current  to  flow  over  the  submerged  area  from  northeast  to 
southwest,  would  produce  a  current  which  would  move  up  a  slope, 
and  the  ice  which  it  bore  would,  therefore,  tend  to  ground  and  grind 
the  l>ottom  as  it  passed  into  shallow  water.** 

In  the  first  edition  (1855)  of  Acadian  Geology  the  occurrence  of  the 
albertite  deposits  in  the  Lower  Carboniferous  rocks  of  New  Bnmswick 
received  considerable  attention.  In  the  discussions  there  given  relat- 
ing to  their  origin,  he  concludes  that  the  material  belongs  to  the  purest 
variety  of  bituminous  coal,  related  to  the  pitch  coals  or  jets.  He 
admitted,  however,  that  it  had  some  claim  to  be  considered  a  distinct 
mineml  species  intermediate  between  the  coals  and  asphalts.  At  that 
time  he  regarded  the  deposit  as  having  originated  through  the  deposi- 
tion of  organic  matter  in  fresh  water,  the  deposit  having  since  been 
very  singularly  distorted  by  mechanical  pressure. 

In  the  second  edition  of  the  work  (1808)  he,  however,  modified  his 
expressed  opinion,  accepting  the  views  of  more  recent  explorers  like 
Hitchcock,  Bailey,  and  Hind,  who  had  described  the  deposit  as  a  vein 

"To  Huhstantially  these  views  Dawson  held  to  the  very  last.  In  his  Ice  Age  in 
Canada  (1893)  he  is  found  still  combating  vigorously  the  idea  that  all  northern 
EurojH*  and  America  were  covered  by  a  mer  de  glace  moving  to  the  southward  and 
outward  to  the  sea,  and  which  moved  not  only  stones  and  clay  to  immense  distances, 
but  glaciated  and  striate*!  the  whole  surface.  The  glacial  theory  of  Agassiz  and 
others  he  deacril)ed  as  having  grown  until,  like  the  imaginary  glaciers  themselves,  it 
overspread  the  whole  earth.  lie  adopted  rather  what  he  called  the  moderate  view 
of  Sir  R(Mlerick  Murchison  and  Sir  Charles  Lyell,  to  the  effect  that  Pleistocene  sulwi- 
dence  and  refrigeration  produced  a  state  of  our  continents  in  which  the  lower  levels, 
and  at  certain  periotis  even  the  tops  of  the  higher  hills,  were  submerged  under  water 
tilled  every  season  with  heavy  fieM  ice  formed  on  the  surface  of  the  sea,  as  at  present 
in  Smiths  Sound,  and  also  with  abundant  icebergs  derive<l  from  glaciers  descending 
from  unsubmerged  mountain  districts.  The  later  Pliocene,  so  iar  as  Canada  was  con- 
cerned, he  considered  to  be  a  period  of  continental  elevation  and  probably  ot  tem- 
perate climate.  ^  j 
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filled  with  bituminous  matter.     The  source  of  the  bituminous  matter 
he  supposed  to  be  the  Lower  Carboniferous  shales.     In  his  own  words: 

The  deposit  of  the  Albert  mine  would  thus  be  a  vein  or  fissure  constituting  an 
ancient  reservoir  of  petroleum  which,  by  the  loss  of  its  more  volatile  parts  and  partial 
oxidation,  has  been  hardened  into  a  coaly  substance. 

He  regarded  the  Nova  Scotia  gypsum  beds  as  due  to  the  alteration  of 
beds  of  limestone  by  free  sulphuric  acid  poured  into  the  sea  by  springs 
or  streams  issuing  from  the  volcanic  rocks.  In  this  connection  he 
gave  a  highly  interesting  verbal  picture  of  the  condition  of  affairs^  as 
he  imagined  them  to  exist,  at  what  is  now  the  Southern  Hants  and 
Colchester  at  the  time  when  the  marine  limestones  and  gypsums  were 
produced. 

At  this  period,  then,  all  the  space  between  the  Cobequids  and  the  Rawdon  Hills 
was  an  open  arm  of  the  sea,  communicating  with  the  ocean  both  on  the  east  and 
west.  Along  the  margin  of  this  sea  there  were  in  some  places  stony  beaches,  in 
others  low  alluvial  flats  covered  with  the  vegetation  characteristic  of  the  Carboniferous 
period.  In  other  places  there  were  creeks  and  lagoons  swarming  with  fish.  In  the 
l)ottom,  at  a  mo<lerate  distance  from  the  shore,  began  wide  banks  of  shells  and  corals, 
and  in  the  central  or  deeper  parts  of  the  area  there  were  beds  of  calcareous  mud  with 
comparatively  few  of  thei^^e  living  creatures.  In  the  hills  around,  volcanoes  of  far 
greater  antiquity  than  those  whose  products  we  coufjidercMl  in  a  former  chapter,  were 
altering  and  calcining  the  slaty  and  quartzose  rocks;  and  from  their  sides  every  lan<l- 
flood  j)oured  down  streams  of  red  sand  and  mud,  while  in  many  places  rills  and 
springs,  strongly  impregnated  with  sulphuric  at^id,  were  flowing  or  rising,  and  entering 
the  sea,  decomi)OHed  vast  quantitie^s  of  the  carbonate  of  lime  accumulated  by  shells 
and  corals  and  converted  it  into  snowy  gypsum. 

The  fauna  of  the  seas  of  the  Lower  Carboniferous  coal  formations 
and  Permian  periods,  both  in  Europe  and  America,  presented  so  great 
similarities  that,  in  a  broad  view,  he  felt  they  were  identical.  The 
changes  and  the  subdivisions  of  this  fauna  were  related  not  merely  to 
lapse  of  time  but  to  vicissitudes  of  physical  conditions.  It  followed 
that,  according  to  his  reasoning,  if  the  peculiar  Permian  conditions 
indicated  by  the  rocks  came  earlier  in  Nova  Scotia  than  in  Europe  the 
character  of  the  fauna  might  also  be  changed  earlier.  In  other  words, 
*'  We  have  both  rocks  and  shells  with  Permian  aspect  in  the  earlier 
Carboniferous  period."  The  fact  that  the  marine  fauna  of  the  Lower 
Carboniferous  of  Nova  Scotia  more  nearly  resembled  that  of  Europe 
than  the  western  States  he  regarded  as  indicating  that  the  Atlantic  was 
at  that  time  probably  an  unobstructed  sea  basin  as  now,  while  the  Appa- 
lachians already,  in  part,  separated  the  deep-sea  fauna  of  the  Carbon- 
iferous seas  east  and  west  of  them. 

Concerning  the  origin  of  coal  he  wrote:  *' Mineral  charcoal  results 
from  subaerial  decay;  the  compact  coal,  from  subaqueous  putrefaction 
more  or  less  modified  by  heat  and  exposure  to  air."  Further,  he  regarded 
mineral  charcoal  as  the  woody  debris  of  trees,  while  the  compact  coal 
was  produced  from  the  bark  of  these  .same  trees  along  with  such  woody 
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and  herbaceous  matter  as  might  be  embedded  or  submerged  before 
decay  had  time  to  take  place. 

He  referred  again  to  the  observations  and  conclusions  made  by  him 
in  connection  with  his  Joggins  work  several  years  previous,  to  the 
effect  that  the  layers  of  clear,  shining  coal  (pitch  or  cherry  coal)  are 
composed  of  flattened  trunks  of  trees,  and  that  of.  these  usually  the 
l^ark  alone  remains,  the  lamination  of  the  coal  being  due  to  the  super- 
position of  layers  of  such  flattened  trunks  alternating  with  the  ac^cu- 
mulations  of  vegetable  matter  of  successive  years,  and  occasionally 
with  fine  vegetable  muck  or  mud  spread  over  the  surface  by  rains  or 
by  inundations. 

The  stigmaria  found  in  the  clay  underlying  nearly  every  bed  of  coal 
he  felt  proved  beyond  question  the  accumulation  of  the  coal-forming 
materials  through  growth  in  situ,  following  in  this  respect  the  teach- 
ing of  Logan.  The  under  or  tire  clay  was  thus  looked  upon  as  a  fossil 
soil  robbed  of  its  alkali  and  lime  through  growths  of  terrestrial 
vegetation. 

The  rocks  of  the  Arisaig  series,  which  in  1855  he  regarded  as  Silu- 
rian (Devonian  ?),  in  the  edition  of  1868  he  says  ''must  be  regarded  as 
representing  the  middle  and  upper  parts  of  the  Upper  Silurian,  a 
position  somewhat  lower  than  that  assigned  to  it  in  the  first  edition." 

The  provincial  predictions  of  Dawson  in  this  work  are  somewhat 
amusing.     Thus,  on  page  4: 

Further,  since  by  thone  unchanging  laws  of  geological  structure  and  geographical 
position  which  the  Creator  himself  has  established,  this  region  must  always,  notwith- 
standing any  artificial  arrangements  that  man  may  make,  remain  distinct  from  Can- 
ada on  the  one  hand  and  New  England  on  the  other,  the  name  Acadia  must  live; 
and  I  venture  to  predict  that  it  will  yet  figure  honorably  in  the  history  of  this  west- 
em  world.  The  resources  of  the  Acadian  provinces  must  necessarily  render  them 
more  wealthy  and  populous  than  any  area  of  the  same  extent  on  the  Atlantic  coast 
from  the  Bay  of  Fundy  to  the  (ndf  of  Mexico,  or  in  the  Si.  Lawrence  Valley  from 
the  sea  to  the  head  of  the  Great  I^kes.  Their  maritime  and  mineral  resources  con- 
stitute them  the  (ireat  Britain  of  eastern  Amerit»,  and  though  merely  iigricultural 
capabilities  may  give  some  inland  and  more  southern  regions  a  temporary  advantage, 
Acadia  will  in  the  end  assert  its  natural  preeminence. 

Dawson  was  a  Nova  Scotian  by  birth,  having  first  seen  the  light  of 
day  at  Pictou  in  1820.  He  was  educated  at  Pictou  Academy  and  sub- 
sequently at  the  University  of  Edinburgh,  Scotland,  w^here  he  came 

under  the  influence  of  Jamieson,  Forbes,  Balfour,  and 
Sketch  of  Dawson.     Alexander  Rose.    In  1847  he  returned  to  Nova  Scotia, 

and  in  1855  assumed  the  principalship  and  chair  of 
natuml  history  in  McGill  University,  Montreal,  at  the  head  of  w^hich 
institution  he  remained  until  181K3,  when  he  was  forced  by  ill  health  to 
resign.  His  first  original  paper,  as  has  been  noted,  was  on  a  species  of 
field  mouse  found  in  Nova  Scotia,  and  was  read  before  the  Wernerian 
Society  of  Minburgh.    From  so  insignificant  a  beginning  he  developed 
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into  one  of  the  most  prolific  and  voluminous  writer's.  The  Geological 
History  of  Plants,  The  Air  Breathers  of  the  Coal  Period,  The  Cana- 
dian Ice  Age,  The  Dawn  of  Life,  Story  of  the  Earth  and  Man,  Fossil 
Men  and  their  Modern  Representatives,  The  Meeting  Place  of  Geology 
and  History,  and  Modern  Science  in  Bible  Lands  are  among  the  best 
known  of  his  writings,  in  addition  to  the  work  above  reviewed.  In 
educational  matters  he  was  always  prominent,  and  the  present  stand- 
ing of  McGill  University  is  largely  due  to  his  industry  and  ability  as 
an  administrator.  He  is  represented  by  his  biographer  as  a  man  of 
quiet  geniality,  gentle  and  courtly  in  manner,  but,  as  may  be  readily' 
surmised  from  his  record  in  the  Eozoon  controversy,  decided  in  opin- 
ion and  firm  in  action.  Like  Alexander  Winchell  he  took  a  prominent 
part  in  overcoming  the  popular  prejudice  concerning  the  supposed 
antagonism  between  religion  and  the  sciences,  particularly  geology. 
An  advanced  and  liberal  thinker,  he  was,  nevertheless,  not  an  evolu- 
tionist in  the  ordinary  acceptance  of  the  term.  He  believed  that  the 
introduction  of  new  species  of  animals  and  plants  had  been  a  continu- 
ous process,  not  necessarily  in  the  sense  of  deviation  of  one  species 
from  another,  but  in  the  higher  sense  of  the  continued  operation  of 
the  cause  or  causes  which  introduced  life  at  first.  The  history  of  a 
life,  he  argued,  presents  a  progress  from  the  lower  to  the  higher,  from 
the  simpler  to  the  more  complex,  and  from  the  more  generalized  to 
the  more  specialized.  In  this  progress  new  types  are  introduced  and 
take  the  place  of  the  older  ones,  which  sink  to  a  relatively  subordinate 
place  and  become  thus  degraded.  To  him  paleontology  furnished  no 
direct  evidence  as  to  the  actual  transformation  of  one  species  into 
another  or  as  to  the  actual  circumstances  of  creation  of  a  species;  but 
the  drift  of  its  testimony  to  him  showed  that  species  come  in  per  saltum 
rather  than  by  any  slow  and  gradual  process. 

In  1879  there  was  published,  as  already  noted  (p.  515),  part  one  of 
Whitney's  Auriferous  Gravels  of  the  Sierra  Nevada  of  California, 
and  in  1880  part  two  of  the  same  work,  the  combined  papers  comprising 
a  volume  of  569  pages,  in  which  the  distribution, 
afiiv3»^i879-8o!™"*  origin,  and  characteristics  of  the  auriferous  gravels 
of  the  Sierras  are  fully  discussed  and  much  infor- 
mation given  regarding  their  method  of  mining  and  economic  value. 

Discussing  the  origin  of  the  conglomerates  and  the  prevailing 
theories  regarding  their  marine  origin,  he  wrote: 

Again,  thet^e  detrital  deposits  are  not  distributed  over  the  Aanks  of  the  Sierra  in 
any  such  way  as  they  would  have  been  if  they  were  the  result  of  the  "action  of  the 
sea.  On  the  contrary,  there  is  every  reason  to  believe  that  they  consist  of  materials 
which  have  been  brought  down  from  the  mountain  heights  above  and  deposited  in 
preexisting  valleys;  sometimes  very  narrow  accumulations,  simply  beds  of  ancient 
rivers,  and  at  other  times  in  wide  lake-like  expansi^s  of  former  water  courses. 

Subsequent  work  has  apparently  fullv  confirmed  Whitney's  view. 
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The  time  of  deposition  was  put  down  by  him  as  during  the  latei 
Pliocene  epoch,  and  not  as  late  as  the  drift  of  the  Diluvial  period. 

Many  pages  were  devoted  to  the  vertelwate  fossils  found  in  the 
auriferous  gravels,  and  particularly  to  the  evidences  of  man,  and  the 
Calaveras  skull.  The  question  of  the  ex)ntemporaneous  deposition 
of  this  skull  with  the  gravels  has  been  too  frequently  discussed  by 
ethnologists  to  need  more  than  a  brief  mention  here.  SuflSce  for  the 
present  to  state  that  Whitney  himself  seems  to  have  been  fully  con- 
vinced of  the  genuineness  of  the  find,  and  regarded  it  as  establishing 
beyond  doubt  the  existence  of  Tertiary  man  in  California. 

In  discussing  the  source  of  the  gold  and  its  distribution  in  the  gravel 
Whitney  took  occasion  to  express  the  opinion  that,  as  a  whole,  the 
occurrence  of  metalliferous  ores  is  rather  a  surface  phenomenon  than 
a  deep-seated  one,  and  that  this  is  due  to  the  favorable  conditions  for 
fissure  formation  and  deposition  from  solution  controlled  by  tempera- 
ture and  pressure. 

The  source  of  the  gold  he  thought  to  be  undoubtedly  the  quartz 
veins  which  traverse  the  Jurassic  slates,  a  fact  to  his  mind  refuting 
Murchison's  theory  of  the  occurrence  of  gold  exclusively  in  Paleozoic 
rocks.  He  found  no  evidence  to  support  the  opinion  that  the  large 
size  of  the  nuggets  in  the  gravel  was  due  to  a  gradual  growth  through 
chemical  precipitation.''  He  regarded  such  as  more  or  less  dentritic 
and  branching  masses  which  have  been  liberated  from  the  gangue  and 
reduced  to  pebble  form  by  the  pounding  they  received  in  the  moving 
gravels. 

Whitney's  work  on  the  auriferous  gravels  was  followed  in  1880  and 
1882  by  an  equally  comprehensive  work  on  climatic  changes  of  later 
geological  times,  the  discussion  being  based  largely  on  observations 
made  during  the  work  of  the  California  survey. 
ChMm*\sSS!iss2.  Whitney  was  struck  by  the  appearance  of  recent  desic- 
cation in  the  West,  as  illustrated  by  the  lake  regions 
of  the  Great  Basin,  and  from  a  study  of  the  phenomena  here  met  with 
as  compared  with  those  in  other  regions  he  was  led  to  conclusions 
radically  at  variance  with  those  commonly  accepted  by  his  co-workers. 
It  will  be  remembered  that  in  the  work  on  the  auriferous  gravels  he 
took  the  ground  that  there  had  been  no  appreciable  change  in  eleva- 
tion of  the  Sierras  jjince  the  close  of  Cretaceous  times,  and  he  argued 
that  the  Tertiary  auriferous  gravels  were  laid  down  by  the  rivers  of 
that  period  which  flowed  through  broad  channels,  the  present  deep-cut 
V-shaped  channels  being  due  to  the  smaller  volume  of  water  which 
was  the  result  of  a  decrease  in  annual  precipitation. 

Concerning  such,  he  wrote: 

It  is,  as  a  general  rule,  safe  to  assume  that  where  U-shaped  valleys  exist  the  per- 
pendicular walls  have  an  orographic  origin  and  that  those  of  V  form  have  had  that 

a  Recent  work  of  A.  Liversidge,  the  Australian  mineralogist,  confirms  xhiA^Q^lC 
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shape  given  to  them  by  the  debris  piles  which  have  accumulated  against  their 
sides.  The  farther  we  descend  the  mountain  slope  the  less  the  grade  and  conse- 
quently the  less  the  carrying  power  of  the  stream.  Hence  the  valley  which  is 
U-shaped  in  the  upper  part  of  its  course  acquires  more  and  more  of  a  V  form  as  it 
approaches  the  plain  at  the  base  of  the  range  from  which  it  heads. 

Whitney  thought  to  be  able  to  trace,  not  to  go  too  much  into  detail, 
a  period  of  warmth  and  heavy  precipitation  followed  by  one  of  desic- 
cation, but  anticipated  by  one  of  cold  and  glaciation,  the  glaciers,  how- 
ever, being  limited  to  the  most  elevated  ranges  of  the  Cordilleras.  At 
the  outset  he  announced  himself  as  opposed  to  the  "wild  and  absurd '' 
ideas  that  had  prevailed  regarding  glaciation  in  the  Sierras,  and  stated 
it  as  his  })elief  that  here  at  least  ice  had  played  but  an  extremely  sub- 
ordinate part  as  a  geological  agent,  though  "there  is  no  doubt  that 
the  great  California  range  was  once  covered  with  grand  glaciers,  but 
little  if  at  all  inferior  to  those  which  now  lend  such  a  charm  to  the 
Swiss  Alps." 

In  the  discussion  of  the  question  he  called  attention  to  the  fact  that 
the  Great  Lakes  of  North  America  and  most  of  those  of  other  coun- 
tries as  well  are  included  in  areas  underlain  by  Paleozoic  rocks  or 
those  partly  Paleozoic  and  partly  Archean,  and  are  due  not  to  glacial 
erosion,  but  to  orographic  movements — Lake  Superior,  for  instance, 
occupying  a  synclinal  depression  in  Paleozoic  rocks  just  along  the  edge 
of  the  Azoic  series. 

The  Lake  region  of  the  Great  Basin  while  likewise  orographic  in 
origin  has  become  desiccated  through  climatic  changes,  he  finding  no 
evidence  that  there  has  been  any  essential  alteration  in  the  configura- 
tion or  topography  of  the  western  side  of  the  continent  since  the 
Glacial  epoch — that  is,  since  the  time  when  the  crests  of  the  highest 
ranges  were  to  some  extent  covered  with  snow  and  ice.  Therefore, 
no  part  of  the  desiccation  which  appears  to  have  taken  place  since  that 
time  can  be  due  to  orographic  changes;  the  phenomenon  must  hav^e 
been  a  climatological  one. 

The  phenomenon  of  fiords  he  considered  as  due  to  aqueous  erosion 
along  mountainous  coasts  which  have  since  become  depressed. 

It  was  Whitney's  opinion,  further,  that  the  geological  importance 
of  the  ice  sheet  had  been  greatl}'  exaggerated.  It  seemed  to  him 
beyond  question  that  the  icebergs  had  played  an  important  part  in  car- 
rying and  distributing  the  large  angular  bowlders  which  in  many  places 
rest  upon  the  surface  in  such  a  manner  as  to  show  that  they  could  not 
have  been  placed  in  their  present  position  by  running  water  or  by  a 
general  ice  sheet. 

He  regarded  it  as  evident  enough  that  the  climate  of  northeastern 
America  during  the  Gla<'ial  epoch  was  a  period  of  greater  precipita- 
tion than  is  now  taking  place,  but  that  it  was  a  period  of  intense  cold 
he  would  not  admit.  Glaciation  or  a  (ilacial  period  was  due  merely  to 
increased  precipitation.     In  order  that  such  predj|itatipn_.should  take 
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place  an  increased  evaporation  from  the  land  and  watei*  was  necessary. 
This  could  be  brought  about  only  by  a  general  increase  of  temperature, 
the  amount  of  precipitation  being  the  same;  whether  it  would  or  not 
give  rise  to  glaciers  would  depend  upon  temperature,  which  itself 
would  be  dependent  upon  local  conditions  which  might  or  might  not  be 
due  to  elevation  of  land  surfaces.  His  idea,  in  brief,  was  that  while 
during  the  Glacial  epoch  over  the  entire  globe  there  might  be  a  period 
of  sufficient  warmth  to  produce  the  desired  evaporation,  the  precipita- 
tion would  fall  as  rain  or  snow,  according  to  the  local  uplift  or  depres- 
sion. That  the  glaciers  are  now  retreating  in  nearly  every  instance 
he  regarded  as  due  not  so  much  to  a  change  in  climate— at  least,  not 
to  a  gradual  increase  of  temperature — but  rather  to  a  gradual  decrease 
in  the  amount  of  annual  precipitation.  He  felt  that  "The  weight  of 
the  highest  authorities  is  decidely  against  the  theories  of  both  Adhe- 
mar  and  Croll,  from  the  standpoint  of  astronomical  science;  while  it 
is  believed  that  these  theories  are  equally  at  variance  with  the  conclu- 
sions of  the  most  eminent  climatologists  of  the  present  day.  At  all 
events,  the  evidence  in  favor  of  a  cyclical  recurrence  of  cold,  or 
Glacial  periods,  sinks  into  insignificance  when  compared  with  that  indi- 
cating a  progressive  diminution  of  temperature  on  the  earth's  surface 
during  the  geological  ages,  and  from  the  very  earliest  time  when  land 
began  to  exist  from  the  conditions  of  which  light  on  this  subject  could 
be  procured. 

In  this  connection  it  may  be  mentioned  that  Whitney  considered  the 
movement  of  glacial  ice  due  to  water: 

Glacier  ice  is  not  simply  ice,  but  a  mixture  of  ice  and  water,  and  it  is  to  the  pres- 
ence of  the  latter  that  the  whole  mass  owes  ite  flexibility.  The  larger  the  amount  of 
water,  other  things  \mng  equal,  the  more  e^ly  the  glacial  mass  moves.  When  the 
water  increases  so  as  to  get  the  upper  hand,  the  ice  gives  way  with  a  rush  and 
bei'omes  an  avalanche.  *  *  *  The  extreme  variation  of  the  rate  of  motion  of 
different  glaciers  coming  down  from  the  inland  ice  of  Greenland  is  due  to  the  differ- 
ent amounts  of  water  which  they  have  imbibed. « 

The  rapid  development  of  the  economic  resources  of  Pennsylvania, 
particularly  coal,  iron,  and  petroleum,  during  the  years  intervening 
between  the  publication  of  Rogers's  final  report  (1868)  and  1874, 
Second  Oeoiosicai  arouscd  a  great  public  demand  for  more  detailed  knowl- 
Pransyivinia,  ^^K®  ^^  geological  facts.     An  appeal  was,  therefore, 

1874-1887.  n^ade  to  the  State  legislature  in  1873  for  the  establish- 

ment of  a  second  geological  survey.  This  culminated  in  1874  in  an 
enactment  providing  for  the  appointment  of  ten  commissioners,  hav- 
ing authority  to  appoint  a  State  geologist  ''of  ability  and  experience" 
who  should,  with  ten  competent  assistant^),  make  such  investigations  as 
might  be  required  to  elucidate  the  geology  of  the  State  and  put  the 

« It  should  be  noted  that  Whitney's  ideas  were  reviewed  in  a  somewhat  critical 
manner  by  G.  K.  Gilbert  in  Science  for  March  9,  16,  and  23,  1883u  ^noaTr> 
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results  of  this  and  previous  work,  of  either  individuals  or  surveys, 
into  a  convenient  form  for  reference. 

Acting  under  this  authority  the  commissioners  in  1874  appointed  as 
State  geologist  J.  P.  Lesley,  a  topographer  of  the  first  survey  under 
Rogers,  and  subsequently  connected,  in  the  capacity  of  topographer 
and  geologist,  with  various  private  surveys — a  one-time  clergyman,  and 
then  professor  of  geology  in  the  University  of  Pennsylvania.  Annual 
appropriations  were  made,  amounting  during  the  thirteen  years  in 
which  the  survey  existed  to  $545,000.  Under  these  seemingly  favor- 
able auspices  the  second  survey  was  inaugurated.  With  Lesley  was 
associated  from  time  to  time,  in  one  capacity  or  another,  a  consider- 
able number  of  individuals,  among  whom  mention  may  be  made  of 
C.  A.  Ashburner,  C.  E.  Beecher,  J.  C.  Branner,  J.  F.'  Carll,  H.  M. 
Chance,  E.  W.  Claypole,  E.  V.  d'Invilliers,  L.  G.  Eakins,  Persifor 
Frazer,  F.  A.  Genth,  C.  E.  Hall,  T.  S.  Hunt,  A.  E.  Lehman,  Leo 
Lesquereux,  A.  S.  McCreath,  F.  Prime,  jr.,  J.  J.  Stevenson,  I.  C. 
White,  Arthur  Winslow,  and  G.  F.  Wright. 

From  the  work  of  this  organization  has  sprung  the  most  remarkable 
series  of  reports  ever  issued  by  any  survey.  Up  to  and  including  1887, 
when  field  work  was  practically  discontinued,  there  had  appeared  some 
77  octavo  volumes  of  text,  with  35  atlases,  and  a  ''Grand  Atlas." 
These  were  followed  in  1892  and  1895  by  the  three  o<»,tavo  volume.s 
constituting  the  final  report. 

A  very  large  portion  of  the  work  of  this  survey  fell  beyond  the 
time  limits  mentally  set  for  the  present  history.  It  may,  however,  be 
stated  that  the  main  energies  of  the  organization  were  directed  toward 
the  solving  of  economic  problems,^  and,  as  was  the  case  with  the 
Kogers  survey  which  preceded  it,  more  attention  was  devoted  to 
chemical  and  physical  than  to  paleontological  questions.  Lesquereux, 
who  had  been  responsible  for  what  paleobotanieal  work  was  done 
under  Rogers,  was  conmiissioned  to  extend  his  investigations,  and  in 
1880  and  1884  issued  three  reports  of  text  and  one  atlas  on  the  Coal 
Flora.  The  strictly  paleontological  work  done  from  1875  to  1880  was 
that  of  J.  J.  Stevenson  and  I.  C.  White,  along  the  West  Virginia, 
Ohio,  and  New  York  borders. 


« 1  have  been  obliged  for  the  last  fourteen  years  to  direct  the  State  survey  almost 
exchisively  in  an  economic  direction,  so  as  to  make  the  whole  of  every  appropriation 
brinp  as  much  fruit  to  the  business  community  as  possible,  neglecting,  in  what 
systematic  geologi.sts  may  possibly  or  probably  consider  a  shameful  manner,  strictly 
scientific  researches.  Even  when  I  have  ordered  long  and  extensive  scientific 
researches  (as  in  the  case  of  the  analyses  of  the  Lower  Silurian  limestone  series  oppo- 
site Harrisburg)  it  has  been,  not  in  the  spirit  of  transcendental  science,  but  with  the 
express  intention  to  use  the  results  directly  as  applied  science  to  the  economical 
demands  of  the  State.  It  can  hardly  be  understood  by  outsiders  how  completely  a 
State  bureau  is  shut  up  to  this  necessity. 

Yours,  respectfully,  J<>P.  Le8I|EY. 
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In  1881  and  1883  Professor  White  studied  the  fossils  of  the  middle 
belt  of  counties  on  the  Delaware,  Susquehanna,  and  the  upper  Juniata 
rivers.  Professor  Stevenson  did  the  same  for  the  Maryland  border, 
while  E.  W.  Claypole  was  commissioned  to  prepare  a  special  report 
on  all  fonns  discoverable  in  the  district  of  the  lower  Juniata. 

The  main  energies  of  the  survey  were,  as  above  noted,  devoted  to 
economic  problems,  with  particular  reference  to  the  extent  both  geo- 
graphic and  geologic  of  the  coal  and  petroleum  formations.  A  great 
amount  of  good  was  undoubtedly  accomplished,  perhaps  as  much  as 
one  has  a  right  to  expect.  Work  in  later  years  has,  however,  showed 
that  the  fundamental  defect  of  the  survey  was  lack  of  accurate  topo- 
graphical maps.  This  seems  the  more  remarkable  in  view  of  the  fact 
that  the  same  defect  became  obvious  during  the  progress  of  the  Rogers 
survey,  and  further,  in  that  Lesley  was,  himself,  a  topographer. 

To  quote  Lesley's  own  words  (manuscript),  the  facts  of  dominant 
importance  which  became  impressed  upon  the  Pennsylvania  survey 
were  as  follows: 

(1)  The  Paleozoic  formations  reach  their  maximum  thickness  in  this  State;  and 
consequently  admit  of  a  greatt^r  differentiation  than  elsewhere  into  special  groups  of 
l)e<l8. 

(2)  The  middle  region  of  the  State  is  magnificently  plicated  and  eroded,  exposing 
innumerable  ouU^rops,  connected  in  zigzags,  and  of  immense  length. 

(3)  No  unconformable  later  deposits  cover  and  conceal  these  outcrops,  so  that  there 
is  an  unexampled  opportunity  for  the  study  of  variable  thickness  and  changes  of 
type. 

(4)  The  topographical  features  are  so  dependent  upon  the  lithology  and  stnicture 
that  any  geological  survey  of  the  region  must  be  virtually  a  topographical  survey. 

(5)  The  geological  areas  are  of  great  size  and  so  clearly  defined,  and  so  distinct  in 
character,  that  they  naturally  claimed  and  received  each  one  a  survey  of  its  own. 
These  areas  are:  1,  The  Bituminous  Coal  field  of  the  west  and  north;  2,  the  Anthra- 
cite CJoal  fields  in  the  east;  3,  the  middle  belt  of  Devonian  and  Silurian  formations; 
4,  the  Mesozoic  belt  of  the  south  and  east;  5,  the  South  Mountain  Azoic;  6,  the 
Philadelphia  belt  of  Azoic  rock;  and  7,  the  region  of  Glacial  Drift. 

(6)  The  natural  section  of  the  Bituminous  Coal  Measures,  down  the  Monongahela 
and  up  the  Allegheny  rivers,  relieved  the  study  of  that  part  of  the  Paleozoic  system 
of  all  ambiguity. 

(7)  The  great  amount  of  mining  done  in  the  anthracite  fields  made  that  part  of 
the  survey  peculiarly  exact  and  correct. 

(8)  The  great  size  and  number  of  the  brown  hematite  mines  furnished  unusual 
opportunities  for  the  study  of  that  kind  of  mineral. 

(9)  The  great  size  and  number  of  limestone  quarries,  exploited  for  the  manufacture 
of  iron  and  for  fertilizing  farms,  oi)ened  to  view  every  part  of  the  great  Siluro- 
Cambrian  formation,  the  whole  of  the  Lower  IIelderl)erg,  all  the  Devonian,  and  most 
of  the  Carboniferous  limestone  beds. 

(10)  On  the  other  hand,  Pennsylvania  is  singularly  destitute  of  workable  veins  of 
the  precious  metals.  Its  poverty  in  gold,  silver,  copper,  and  lead  is  extreme.  It  has 
but  one  important  zinc  deposit;  and  but  one  nickel  mine.«  In  fact  its  Azoic  regions 
as  a  whole  are  barren  country,  containing  but  a  few  small  magnetic  iron  ore  beds,  in 


«Not  worked  since  1891. 
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strong  contrast  to  the  adjoining  Azoic  region  of  northern  New  Jersey.  What  little 
white  marble  it  possesses  makes  a  narrow  outcrop  for  a  few  miles  along  a  single  line. 
Some  serpentine  rock,  a  little  chrome  iron,  one  large  soapstone  quarry,  and  some 
kaolin  deposits  conclude  the  list  of  its  Azoic  minerals. 

Practically  viewed,  the  geology  of  Pennsylvania  is  wholly  Paleozoic,  on  the  most 
magnificent  scale,  with  an  unexampled  wealth  of  anthracite  and  bituminous  coal, 
brown  hematite  iron  ore,  limestone,  rock  oil,  and  rock  gas;  and  to  the  study  and 
description  of  these  its  geological  survey  has  from  first  to  last  been  devoted. 

Little  attention  has  been  paid  to  the  lithological  study  of  the  building  stones  of  the 
State,  or  to  their  economic  description.  The  entire  State  is  a  rock  quarry.  Every 
known  building  stone  from  the  granites,  gneisses,  quartzites,  and  traps,  to  hearth- 
stones, flagstones,  brownstone,  and  limestone  can  be  got  with  ease  and  with  infinite 
abundance  on  lines  of  transportation.  All  the  principal  outcrops  of  these  building 
stone  formations  have  been  located  and  their  places  in  the  Paleozoic  series  defined 
in  the  rejx)rts,  with  sufiiciently  precise  descriptions  of  their  qualities  and  uses;  but 
beyond  this  the  sarvey  could  not  go. 

Lesley  was  born  in  Philadelphia  in  1819,  and  graduated  at  the  Uni- 
versit}'  of  Pennsylvania  in   1838,  becoming  almost  immediately  con- 
nected  with   the   State   geological   survey 
under  Rogers,  in    the   capacity  of   topog- 
rapher.     In    1841,    during 
Sketch  of  Lesley.       the    temponirv    suspension 
of    this    work,    he   entered 
upon  the  study  of  theology  at  Princeton, 
and  was  licensed  to  preach  in  18J4.      He 
then  went  to  Europe,  where  he  studied  in 
the  University  of  Halle  during  the  winter 
of  1844-45. 

Returning  to  America,  he  assumed  the 
pastorate  of  a  Congregational  church  in 
Milford,  Massachusetts,  but  resigned  in 
1851  and  owing,  it  is  stated,  to  a  change 
in  his  religious  views,  gave  up  the  ministry 
altogether.  Returning  to  Philadelphia,  he  soon  became  secretary  of 
the  Iron  and  Steel  Association  and  of  the  American  Philosophical 
Society,  and  prominent  in  geological  matters,  particularly  those  relat- 
ing to  iron  and  coal.  Had  he  so  chosen,  he  could  undoubtedly  have 
acquired  a  fortune,  but,  preferring  science  for  science'  sake,  he  put 
aside  all  offers  of  private  gain  and  remained  poor,  often  desperately 
so,  to  the  end  of  his  days. 

He  was  a  man  of  tall,  lank,  but  commanding  figure,  and,  according 
to  his  biographer,  of  impressionable  and  emotional  nature,  an  enthusi- 
ast and  optimist,  but  often  lamentably  melancholy,  undemonstrative, 
and  even  cynical.  A  man  of  tremendous  nt^rvous  energy,  aggressive 
and  outspoken,  his  writings  are  full  of  expressions  which,  for  terse- 
ness and  unpolished  emphasis,  are  unequaled.  Thus,  in  a  letter  to 
Powell  relative  to  the  coloring  of  maps  and  the  names  of  the  various 
formations,  he  wrote:  ^.^.^.^^^  ^^  GoOgl. 


Fig.  %.— .J.  Pfler  Lesley. 
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The  fact  is  these  English  names  are  good  for  nothing  in  America  and  ought  to 
be  ignored.  If  I  were  an  expert  in  profanity,  I  should  say  damn  the  text-books, 
Dana's,  Le  Conte's,  and  all  of  them.  They  are  mere  museums  of  embarrassments, 
so  far  as  classification  is  in  question.  *  *  *  Fortunately  Pennsylvania  is  a  very 
small  corner  of  the  United  States,  and  I  suppose  it  matters  very  little  whether  its 
structure  appears  on  your  map  or  not.  But  in  heaven's  name  (I  mean  the  heaven 
of  geology),  what  do  you  gain  by  distinguishing  a  miserable  subformation  like  the 
Permian  (one  or  two  patches)  and  not  distinguishing  an  enormous  subformation 
5,000  feet  thick  like  the  Subcarboniferou8?« 

THE  WORK  OF  F.  V.  HA  YD  EN  AND  F.  B.  MEEK. 

The  reports  of  D.  D.  Owen  and  Dr.  John  Evans  on  the  collections 

made  by  the  latter  in  the  maiivaises  terres  oi  the  White  River  in  1849, 

as  published  in  1852,  had  attracted  a  great  deal  of  attention,  and  in 

the  spring  of  1853  Dr.  F.  V.  Hayden  and  F.  B.  Meek 

tUiyden  and  Meek  r        c»  j 

in  the  Bad  Lands,  were  employed  by  Prof.  James  Hall  to  visit  the  "  Bad 
Lands"  to  make  collections  of  fossils. 

The  party  met  at  St.  Louis  on  Saturday,  May  14,  1853,  where  the}' 
found  Dr.  John  Evans  bent  upon  a  similar  errand  under  the  direction 
of  Dr.  B.  F.  Shumard.  Leaving  St.  Louis,  the  party  proceeded  by 
boat  up  the  Missouri,  reaching  Fort  Pierre — what  is  now  the  town  of 
Pierre,  in  South  Dakota—June  21,  whence  they  proceeded  by  wagon 
into  the  Bad  I^ands  proper.  Here,  in  spite  of  the  difficulty  of  holding 
the  party  together  through  fear  of  hostile  Indians,  they  remained  for 
a  period  of  several  weeks,  returning  to  Fort  Pierre  on  July  18.  They 
brought  with  them  a  large  and  valuable  collection,  including  mam- 
malian remains  which  were  investigated  by  Dr.  Joseph  Leidy. 

The  Cretaceous  invertebrate  fossils  were  studied  by  Professors  Hall 
and  Meek  and  described  by  them  in  a  memoir  published  by  the  Amer- 
ican Society  of  Arts  and  Sciences  of  Boston  in  1854.  This  paper  was 
accompanied  by  a  brief  vertical  section  by  Meek,  showing  the  order  of 
superposition  of  the  Cretaceous  beds.  As  this  is  believed  to  be  the 
first  section  of  the  region,  it  is  here  reproduced  in  full: 

Section  of  the  Members  of  Oie  Cretaceous  Formation  as  observed  on  the  Missouri  River ^ 
and  thence  Westward  to  the  Mauvaises  Terres, 

Eocene  Tertiary  formation: 

Clays,  sandstones,  etc.,  containing  remains  of  Mammalia.    The  entire  thickness 
of  this  formation  in  the  Bad  Lands  is  from  25  to  250  feet. 


« Some  of  Lesley's  "digs**  at  his  fellow- workers  are  masterpieces  of  their  kind. 
Thus  in  Volume  I  of  his  final  report,  where  attempting  to  describe  the  chaotic  condi- 
tions existing  on  the  earth  during  the  earliest  Archean  times,  and  the  intense  chem- 
ical activity  incidental  to  the  deluges  of  **80ur  rain**  falling  upon  the  hot  surface,  he 
says  (p.  53):  "All  this  had  taken  place  before  the  first  age  of  which  we  have  any 
geological  monumente  and  is  only  known  to  God  and  Dr.  Sterry  Hunt,  who  has 
described  it  magnificently  in  his  Chemical  Researches.*' 
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Cretaceous  formation: 

5.  Arenaceous  clay  passing  into  argil lo-calcareous  sandstone.     80  feet. 

4.  Plastic  clay  with  calcareous  concretions  containing  numerous  fossils.     250  to 

350  feet. 
This  is  the  principal  fossiliferous  bed  of  the  Cretaceous  formation  upon  the  Tipper 

Missouri. 
3.  Calcareous  marl,  containing  Ostrea  congesta,  scales  of  fishes,  etc.     100  to  160 

feet. 
2.  Clay  containing  few  fossils.     80  feet. 
1.  Sandstone  and  clay.     90  feet. 
Buff-colored  magnesian  limestone  of  the  Carboniferous  period. 

In  the  following  spring  (1854)  Doctor  Hayden  again  ascended  the 

Missouri  River,  this  time  partly  under  the  auspices  of  the  American 

Fur  Company.     He  spent  two  years  on  this  expedition,  during  which 

time   he   visited  the   various  portions   of  the  Upper 

Hayden't  Work  on       __.  .     ,     .  .  i        .  T  ^i  i     Z^l 

the  Upper  MiMonri,  Missouri,  Dcmg  without  any  other  means  than  what  he 
earned  or  secured  in  various  ways  as  he  went  along, 
and  dependent  even  for  subsistence  entirely  on  such  friends  as  he  met 
in  the  country,  among  whom  were  Col.  A.  J.  Vaughan,  the  Indian 
agent,  and  Mr.  Alexander  Culbertson,  of  the  American  Fur  Company. 

He  tmversed  the  Missouri  River  to  Fort  Benton  and  the  Yellow- 
stone to  the  mouth  of  the  Big  Horn,  and  also  considerable  portions  of 
other  districts  not  immediately  bordering  on  the  Missouri.  As  the 
boats  of  the  fur  company  had  to  be  towed  in  ascending  the  river,  the 
progress  was  necessarily  slow.  The  time  thus  occupied  by  the  boats 
was  utilized  by  Hayden  on  the  shores,  and  as  a  result  he  tmversed  a 
considerable  portion  of  the  journey  on  foot. 

The  vertebrate  remains  collected  on  this  trip  were,  as  in  a  previous 
case,  described  by  Doctor  Leidy,  mainly  in  papers  read  before  the 
Academy  of  Natural  Sciences  of  Philadelphia,  while  the  invertebrates 
were  described  by  Doctor  Hayden  himself  in  connection  with  Professor 
Meek.  The  collections,  which  were  deposited  partly  with  the  Academy 
of  Science  of  St.  Louis  and  partly  with  the  Academy  of  Natural 
Sciences  of  Philadelphia,  contained  a  larger  number  of  species  than  all 
those  previously  known  from  that  country,  many  of  them  being  new 
and  of  a  remarkable  character. 

Early  in  1856  Hayden  returned  to  St.  Louis,  and  on  February  15 

of  that  year  received  from  Lieut.  G.  K.  Warren,  of  the  U.  S.  Corps 

of  Topographical  Engineei*s,  an  offer  to  report  upon  the  Sioux  country. 

This  report  was  made,  and  in  Mav  of  the  same  year 

Hayden  with  ..^  ^  .  i     i  .  ..    i  "i  .  -    \t 

Warren  In  the  Sioux  Warren  appointed   him  one  of   his  assistants  m  the 
exploration  of  the  Yellowstone  River  and  the  Missouri 
River  from  Fort  Pierre  to  a  point  60  miles  north  of  the  mouth  of  the 
Yellowstone. 

The  field  work  of  this  expedition  began  on  June  28,  the  party 
returning  t/>  Fort  Pierre  on  October  22,  and  reaching  Washington  in 
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November.     In  May,  1857,  Hayden  was  again  appointed  geologist  by 
Lieutenant  Warren,  this  time  on  an  expedition  to  the 

wimn  in  the  Black  Black  Hills.     The  party  was  organized  at  Sioux  City 
in  June  and   proceeded   up  the   Loup   Fork  of  the 

Platte,  returning  to  Fort  Leavenworth,  Kansas,  early  in  the  following 

December. 
Hayden  noted  the  occurrence  of — 

1.  Metamorphic  Azoic  rocks,  including  gmnite. 

2.  Lower  Sihirian  (Potsdam). 

3.  Devonian  (?). 

4.  Carboniferous. 

5.  Permian. 

6.  Jurassic. 

7.  Cretaceous. 

8.  Tertiary.     . 

9.  Post-Tertiary  and  Quaternary. 

In  a  preliminary  report  given  by  Warren  in  the  American  Journal 
of  Science  for  May,  1859,  attention  was  called  to  the  important  physi- 
ographic fact  that  the  Niobrara  River  seemed  "to  run  along  a  swell  or 
ridge  on  the  surface  and  to  be  practically  without  tributaries." 

This  would  seem  to  be  a  recognition  of  the  fact,  though  not  the  prin- 
ciple, that  streams  flowing  from  a  mountainous  country  and  laden  with 
silt  may,  in  their  lower  levels  where  the  current  is  less  rapid  and  the 
carrying  power  less,  so  deposit  their  load  as  to  build  up  both  the  bot- 
tom and  banks,  and  this  until  the  stream  actually  occupies  the  crest  of 
a  ridge.  The  Platte  River  is,  however,  a  better  illustration  of  this 
than  is  the  Niobrara.  That  portion  of  the  channel  running  between 
steep  bluffs  he  thought  "must  have  originated  in  a  fissure  in  the  rocks 
which  the  water  basins  enlarged  and  made  more  uniform  in  size." 
This  failure  at  this  late  day  to  realize  that  a  stream  may  carve  out  its 
own  channel  can  be  excused  only  on  the  ground  that  Warren  was  not 
a  geologist. 

During  the  summer  of  1858  Messrs.  Hayden  and  Meek  explored  a 

portion  of  what  was  then  called  the  Territory  of  Kansas.     The  route 

followed,  as  given  by  Hayden  in  his  report  published  in  the  Proceedings 

of  the  Academy  of  Natural  Sciences  of  Philadelphia, 

K.*SLS?illS:'^'"  was  as  follows: 

From  Leavenworth  City  on  the  Missouri,  across  the 
country  to  Indianola  near  the  mouth  of  Soldier  Creek  and  the  Kan- 
sas River;  thence  up  the  north  side  of  Kansas  and  Smoky  Hill  rivers 
to  the  mouth  of  Solomons  Fork.  Here  they  crossed  the  Smoky 
Hill,  following  it  up  on  the  south  side  to  a  point  near  the  ninety- 
eighth  degree  of  west  longitude,  from  which  point  they  struck  across 
the  country  in  a  southwest  direction  to  the  Santa  Fe  road,  which 
was    followed    northeastward    to  the    head  of  Cottonwood  Creek. 
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Leaving  the  road  here,  they  went  down  the  Cottonw(X)d  Valley  some  30 
miles,  when  they  turned  due  ea^t  to  Council  Grove,  from  which  place 


the  Santa  Fe  road  was  followed  southwest  for  al)out  24  miles  to  a 
watering  place  known  as  Lost  Springs.  Here  they  struck  across  the 
country  in  a  northwest  direction  to  Smoky  Hill  River  agnin  at  a  point 
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nearly  opposite  the  mouth  of  Solomons  Fork.  Thence  the  route  lay 
down  the  south  side  of  Smoky  Hill  and  Kansas  rivei*s  to  Lawrence, 
and  thence  acToss  the  Kansas  in  a  northeastward  direction  to  Leaven- 
worth city.  The  explorations  were  very  successful,  and  the  results 
embodied  in  numerous  papers  in  the  Proceedings  of  the  Academy  of 
Natural  Sciences  of  Philadelphia  and  elsewhere. 

In  April,  1859,  Capt.  W.  F.  Raynolds  was  instructed  to  organize  an 
expedition  for  the  exploration  of  the  country  from  which  flow  the 
upper  tributaries  of  the  Yellowstone  River  and  of  the  mountains  in 
which  these  tributaries  and  the  Gallatin  and  Madison 
Raynoidt't  forks  of  the  Missouri  have  their  source.     On  April  22 

Doctor  Hayden  was  appointed  surgeon  and  naturalist 
of  this  expedition.  The  party  left  St.  Louis  May  28,  1859,  going  up 
the  Missouri  to  Fort  Pierre,  which  point  was  reached  about  the  middle 
of  June.  From  here  the  route  was  westward  and  northwestward  to 
the  Yellowstone  River  by  way  of  the  Cheyenne,  the  Belle  Fourche, 
and  Powder  rivers.  The  Yellowstone  was  reached  near  the  mouth  of 
the  Big  Horn  about  the  middle  of  August.  From  the  Yellowstone 
the  expedition  turned  southward  early  in  September  and  followed 
up  the  Big  Horn,  skirting  the  eastern  edge  of  the  Big  Horn  Moun- 
tains, finally  going  into  winter  quarters  on  Deep  Creek,  near  the  North 
Platte  River,  about  the  middle  of  October. 

The  following  May  (1860)  explorations  were  resumed,  the  expedi- 
tion going  to  Fort  Benton,  on  the  Missouri,  b}' way  of  the  North 
Platte,  Wind,  Snake,  and  Madison  rivers.  Fort  Benton  was  reached 
July  14.  On  the  23d  of  July  the  return  trip  to  Omaha  was  begun, 
the  party  proceeding  by  boat  down  the  Missouri  River  to  Fort  Union, 
and  from  the  latter  point  by  land.  Omaha  was  reached  October  4, 
where  the  party  disbanded. 

The  report  of  this  last  expedition,  published  eariy  in  1869,  com- 
prised some  174  octavo  pages,  including  30  pages  of  paleontological 
notes  by  J.  S.  Newberry.  It  was  accompanied  by  a  colored  geological 
map  of  the  region  north  of  the  foHy -second  parallel  and  l^'ing  between 
the  ninety -eighth  and  one  hundred  and  fourteenth  meridians  (fig.  97). 

Some  of  the  more  important  conclusions  arrived  at  by  Hayden  as  a 
result  of  observations  on  these  expeditions  are  as  follows:  He  announced 
in  1857  the  discovery  of  Potsdam  sandstone  in  the  country  about  the 
headwaters  of  the  Yellowstone,  and  in  a  preliminary 
E!I?ii?Woi*"*^*'*"'*piiblication  in  the  American  Journal  of  Science  for 
1861  described  it  as  more  or  less  changed  by  heat  from 
beneath.  The  other  formations  noted  were  Carboniferous  (including 
Permian  ?),  red  arenaceous  deposits  overlying  the  Carboniferous,  but  of 
uncertain  age;  Jura^ic,  Cretaceous,  and  Tertiary  deposits.  During 
the  long  interval  that  elapsed  between  the  deposition  of  the  earliest 
part  of  the  Silurian  and  the  commencement  of   the  Carboniferous^ 
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he  believed  dryland  to  have  prevailed  over  a  large  portion  of  the 
West,  and  he  found  no  evidence  of  deep-water  deposits  until  far  up 
into  the  Cretaceous.  Near  the  close  of  this  epoch  the  waters  of  the 
great  Cretaceous  seas  receded  toward  the  present  position  of  the 
Atlantic  on  the  one  side  and  the  Pacific  on  the  other,  leaving  large 
areas  in  the  central  West  dry  land  with  but  a  slight  elevation  above 
the  sea  level.  He  showed  that  the  White  River  Tertiary  deposits 
were  younger  than  the  Lignite,  and  that  the  older  members  of  the 
western  Tertiary  were  dearl}'  separable  into  four  divisions  exclusive 
of  the  Pliocene  of  the  Niobram.  He  l>elieved  that  the  estuarian  depos- 
its ushered  in  the  dawn  of  the  Tertiary  epoch  and  that  they  belonged 
to  the  Eocene  period.  The  evidence  of  the  fossils  was  regarded  as 
indicating  that  a  much  milder  climate  prevailed  throughout  the  West 
during  the  greater  part  of  the  Tertiary  than  at  present— a  climate 
somewhat  similar  to  that  of  the  (xulf  States  at  the  present  day. 

In  an  article  on  the  Primordial  sandstone  of  the  Rocky  Mountains, 
published  in  the  American  Journal  of  Science  for  1862,  he  announced 
the  finding  of  undoubted  evidence  of  the  existence  of  the  equivalent 
of  the  Potsdam  sandstone  of  the  New  York  scries  in  two  important 
outliers  of  the  Rocky  Mountain  chain.  He  pointed  out  the  singular 
uniformity  in  the  nature  of  the  sediments  and  general  lithological 
resemblance  to  the  eiustern  type,  but  did  not  regard  this  as  due  to  the 
currents  bringing  the  mat^irial  from  the  East.  He  thought,  rather, 
that  the  uniformity  was  due  to  a  similar  uniformity  on  the  part  of  the 
underlying  roc^ks  from  which  sediments  were  derived — that  is,  he 
believed  that  the  source  of  all  the  sediments  composing  the  Primor- 
dinl  rocks  in  the  West  could  be  traced  to  underlying  rocks  in  the 
immediate  vicinity.  He  noted  the  gradual  thinning  out  of  this  Pri- 
mordial sandstone  toward  the  West,  and  quoted  the  observations  of 
D.  D.  Owen  in  Minnesota,  Whitney  in  Iowa,  Safford  in  Tennessee, 
and  Shumard  in  Texas  as  confirmatory.  The  lower  secondary  forma- 
tions, on  the  other  hand,  as  he  pointed  out,  gradually  increased  in 
thickness. 

He  noted  no  unconformability  in  any  of  the  fossiliferous  sedimen- 
tary rocks  of  the  Northwest  from  the  Potsdam  sandstone  to  the  sum- 
mits of  the  true  Lignite  Teiliary,  but  found  proof  of  two  great  periods 
of  disturbance,  the  one  prior  to  the  deposition  of  Potsdam  sandstone, 
when  the  Azoic  or  granitic  rocks  were  elevated  to  a  more  or  less 
inclined  position,  and  the  other,  nmch  the  more  important,  at  the 
close  of  the  Lignite  Tertiary,  when  the  ''massive  nuclei  of  the  ranges 
were  mised  above  the  surrounding  country." 

In  the  American  Journal  of  Science  for  1862  Hayden  had  an  impor- 
tant paper  in  regard  to  the  period  of  elevation  of  the  ranges  of  the 
Rocky  Mountains  near  the  sources  of  the  Missouri  River  and  its  tribu- 
taries.    He  regarded  the  evidence  as  clear  that  the  great  subterranean 
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forces  which  elevated  the  western  portion  of  the  continent  were  called 
into  operation  toward  the  close  of  the  Cretaceous  epoch,  and  that  the 
gradual  rising  continued  without  a  general  bursting  of  the  earth's 
surface  until  the  accumulation  of  the  Tertiary  lignite  deposits,  or  at 
least  the  greater  part  of  them.  Also,  that  after  the  fracture  of  the 
surface  commenced  and  the  great  crustal  movements  began  to  display 
themselves,  the  whole  country  continued  rising,  though  perhaps  with 
intervening  periods  of  subsidence,  up  to  and  even  including  the  present 
period. 

During  the  years  of  the  civil  war  western  exploration  of  all  kinds 
was  interrupted.  Hay  den  served  in  the  Federal  army  as  a  surgeon 
from  1862  until  18(55,  resigning  to  accept  the  position  of  professor  of 
mineralogy  and  geology  in  the  University  of  Pennsylvania,  a  position 
which  he  retained  until  1872. 

In  the  summer  of  18H6  he  undertook  a  second  expedition  to  the  Bad 
Lands,  this  time  under  the  auspices  of  the  Academy  of  Natural  Sci- 
ences of  Philadelphia,  In  company  with  James  Stevenson  he  left  Fort 
Randall,  South  Dakota,  August  3.     The  trip  was  made 

tUiyden**  Second  .  7  »  r 

Bxpedition  to  the      with  a  six-mulc  team  and  occupied  fifty-two  days,  dur- 

Bad  Lands.  1866.  ,  ,    ,  .         .,       ^     .      ,  ,       ,  /  ^^  ..   ' 

mg  which  a  circuit  of  six  hundred  and  nfty  miles  was 
accomplished.  The  large  and  valuable  collection  of  mammalian  fossils 
was  described  b}^  Leidy  in  his  great  work  of  upward  of  450  large 
octavo  pages  and  80  plates,  published  under  the  auspices  of  the  Academy 
of  Natural  Sciences  of  Philadelphia.  The  work  began  with  an  intro- 
duction of  12  pages  on  the  geology  of  the  Tertiary  f oimations  of  Dakota 
and  Nebraska,  accompanied  by  a  map.  In  this  work  Hayden  pointed 
out  the  possibilit}"  of  bridging  over  the  chasm  heretofore  existing 
between  the  Cretaceous  and  Tertiary  periods  by  means  of  transition 
beds  belonging  to  the  lignite  series.  He  reiterated  some  of  the  state- 
ments made  in  previous  writings,  to  the  effect  that,  at  the  close  of  the 
Cretaceous  period,  the  Rocky  Mountain  area  was  occupied  by  the  waters 
of  an  ocean  with  perhaps  a  few  peaks  projecting.  Near  the  close  of 
the  period  the  surface  had  reached  an  elevation  so  great  as  to  form 
long  lines  of  separation  between  the  waters  of  the  Atlantic  on  the 
East  and  those  of  the  Pacific  on  the  West,  and  then  this  great  water- 
shed began  to  rise  above  the  surrounding  country  and  the  period  of 
great  frcvsh-water  lakes  was  inaugurated.  The  elevation  during  the 
Cretaceous  period  he  regarded  as  slow  and  gradual,  but  at  about  the  close 
of  the  period  or  in  the  early  part  of  the  Tertiary  the  limit  of  tension 
in  the  crust  was  reached  and  long  lines  of  f  mcture  commenced  which 
form  the  nucleus  of  the  present  mountain  ranges,  including  the  lofty 
continuous  ranges  with  a  granitoid  nucleus  along  the  eastern  portion 
of  the  Rocky  Mountains,  as  the  Wind  River,  Big  Horn,  Laramie,  or 
Black  Hills.  He  showed  that  the  Tertiary  beds  were  in  part  deposited 
before  the  upheaval,  as  indicated  by  the  inclination  of  the  lignite  beds. 
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The  lower  Tertiary  fossils  included  brackish-water  forms,  and  he 
thought  to  trace  the  ^'history  of  the  growth  of  the  continent  step  by 
step  from  the  purely  marine  waters  of  the  Cretaceous  ocean  to  the 
period  when  the  mountain  ranges  were  elevated,"  the  ocean  waters 
excluded  and  inclosed  lakes  formed,  at  first  salt,  but  gradually  fresh- 
ened by  influx  from  fresh-water  streams.  He  stated  further  that  the 
elevating  forces  acted  throughout  the  Tertiary  and  post-Tertiary  pe- 
riods, and  probably  continue  to  act  down  to  the  present  time.  During 
the  Tertiary  period  there  existed  at  least  four  and  possibly  five  of  these 
fresh-water  lakes  in  the  West,  two  of  which  were  of  great  extent.  The 
deposits  in  these  lakes  formed  the  bad  lands  of  the  Judith,  the  great 
Lignite  basin,  the  Wind  River  basin,  and  the  White  Kiver  group.  A 
portion  of  this  last,  that  in  the  region  of  the  White  River,  he  regarded 
as  of  Miocene  age. 

THE  U.  8.  GEOLOGICAL  AND  GEOGRAPHICAL  SURVEYS  UNDER  F.  V. 

HAYDEN. 

In  the  spring  of  1867  Hayden,  acting  under  the  direction  of  the 
General  Land  Office,  and  with  an  appropriation  from  Congress  amount- 
ing to  $5,000,  began  his  work  as  U.  S.  geologist  in  Nebraska,  and  in 
so  doing  laid  the  foundation  for  the  U.  S.  Geological 
N^n»im!Vs^,^^    Survey  as  it  exists  to-day.     Hayden  was  assisted  dur- 
ing the  first  year  by  Dr.  C.  A.  White  and  F.  B.  Meek. 
His  first  annual  report  comprised  64  octavo  pages,  and  dealt  largely 
with  the  possible  occurrence  of  workable  beds  of  coal  within  the  State 
(decided  in  the  negative);  the  loess,  which  he  regarded  as  silt  brought 
down  by  streams  and  deposited  in  a  fresh-water  lake,  and  considem- 
tions  relative  to  the  distribution  of  the  Cretaceous  and  Tertiary  depos- 
its.    In  1868  the  appropriation  of  $5,000  was  renewed 
wjUiiiig'rIS.*"    and  the  field  of  work  extended  into  Wyoming.     In  his 
report  of  102  pages  he  c»alled  attention  to  the  probable 
Tertiary  age  of  all  the  coal  of  both  Wyoming  and  Colorado.     In  1869 
$10,0(X)  was  appropriated  and  the  field  of  work  transferred  to  Colorado 
and  New  Mexico,  the  survey  being  at  the  same  time  placed  under  the 
direction  of  the  Secretary  of  the  Interior.     His  assist- 

Work  of  Hayden  in  _         .  .  ^  ^  .^^  __  „. 

Coionuioand  New      ants  for  this  survcv  Were  James  htevenson:  Henrv  W. 

Mexico.  1869.  *•    ^     t>    *^     if         1?  •    •  •  j 

LUiott,  artist;  Persifor  r  razer,  mining  engineer  and 
metallurgist;  Cyrus  Thomas,  entomologist  and  botanist;  E.  C.  Car- 
rington,  zoologist,  and  B.  H.  Cheever,  jr. 

In  this  report  he  confirmed  the  statement  made  by  him  in  the 
American  Journal  of  Science  for  March,  1868 — 

that  all  the  lijfnite  Tertiary  beds  of  the  West  are  but  fragments  of  one  great  basin, 
interrupted  here  and  there  by  the  upheaval  of  mountain  chains  or  concealed  by  the 
deposition  of  newer  formations. 
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He  pointed  out  that  the  main  mnge  of  the  Rocky  Mountains  "  is 
really  a  gigantic  anticlinal  and  all  the  lower  ranges  and  ridges 
*  *  *  only  monoclinals,  descending  steplike  to  the  plains  on  each 
side  of  the  central  axis."  Also  that  there  were  two  kinds  of  ranges 
in  the  Rocky  Mountain  system — one  with  a  granitoid  nucleus,  with 
long  lines  of  fracture,  and  in  the  aggregate  possessing  a  specific  trend; 
the  other  with  a  basaltic  nucleus,  composed  of  a  series  of  volcanic 
cones  or  outbursts  of  igneous  rocks,  in  many  cases  forming  saw-like 
ridges  like  those  of  the  Sierras. 

He  found  no  evidences  of  any  unconformity  between  the  Cretaceous 
and  lower  Tertiary  beds  and  no  such  changes  in  the  sediments  as 
would  account  for  the  sudden  and  apparently  complete  destruction  of 
organic  life  at  the  close  of  the  Cretaceous  period. 

He  visited  the  Salt  Lake  Valley  and  examined  the  terraces  and  old 
shore  lines  of  Great  Salt  Ijake,  describing  the  beds  as  of  post-Pliocene 
or  Quaternary  age  and  correlating  them  with  the  terrac>es  noted  by 
him  above  the  Wasatch  Canyon.  He  found  this  series  of  beds  so 
widely  extended  and  so  largely  developed  in  Weber  and  Salt  Lake 
valleys  that  he  regarded  it  as  worthy  of  a  distinct  name,  and  in  con- 
sequence called  it  the  Salt  Lake  group.  He  afterwards  (in  1871) 
limited  the  name  to  the  older  beds,  which  he  considered  as  of  later 
Pliocene  age,  recognizing  the  more  modern  character  of  the  terraces 
in  which  he  found  a  great  abundance  of  fresh-water  shells. 

The  question  of  priority  in  this  region  having  arisen  between  the 
King  and  Hayden  surveys,  it  may  be  well  to  state  that,  according  to 
Dr.  A.  C.  Peale,  Hay  den's  first  work  in  the  Salt  Lake  Valley  was 
done  in  the  years  1868,  1869,  and  1870,  and  the  results  published  in 
February,  1869,  during  the  latter  part  of  1869,  and  the  e^irly  part  of 
1871.  The  report  of  the  field  work  of  1870  in  Wyoming  was  first 
printed  in  1871,  and  a  second  edition  issued  in  1872. 

In  1870,  with  appropriations  increased  to  $2.5,000,  Hayden's  field  of 
operations  was  transferred  to  Wyoming  and  portions  of  contiguous 
territories.  Stevenson,  Elliott,  and  Thomas  were  with  him  as  before, 
while  W.  H.  Jackson,  photographer;  John  H.  Beaman, 
w5oining.*t870. "  mctcorologist;  A.  L.  Ford,  mineralogist;  C.  P.  Car- 
rington,  zoologist,  and  Henry  D.  Schmidt,  naturalist, 
were  added  to  the  scientific  corps. 

The  party  outfitted  at  Cheyenne,  in  Wyoming,  and  proceeded  north- 
ward along  the  eastern  base  of  the  Laramie  range,  exploring  the  Platte 
River  as  far  as  the  Red  Buttes,  and  thence  passing  across  the  divide  to 
the  Sweetwater;  thence  to  the  source  of  the  Wind  River  Mountains, 
passing  down  Big  and  Little  Sandy  creeks  to  Green  River,  and  explor- 
ing the  northern  slope  of  the  Uinta  Mountains.  From  Fort  Bridger 
the  route  lay  southward  to  Henrys  Fork,  which  was  explored  down  to 
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its  junction  with  Green  River  proper.  From  Green  River  Station  the 
route  followed  the  old  stage  route  up  Bitter  Creek  by  way  of  Bridger 
Pass  and  the  Medicine  Bow  Mountains,  across  the  Laramie  Plains,  and 
through  the  l^aramie  Range  by  way  of  Cheyenne  Pass,  back  to  the 
point  of  departure. 

Studies  were  made  also  along  the  line  of  the  Pacific  Railroa^l  Ijetween 
Cheyenne  and  the  Salt  Lake  Valley.  No  topographer  accompanied 
the  party,  and  the  maps  used  were  those  constructed  by  the  engineer- 
ing department  of  the  Army,  which  were,  however,  so  inaccurate  that 
to  delineate  the  geology  upon  them  in  any  but  the  most  general  way 
was  practically  impossible. 

During  this  season  Ha3^den  worked  out  the  sequence  of  the  Carbon- 
iferous and  Cretaceous  rocks,  and  made  the  subdivisions  of  the  latter 
into  Dakota,  Fort  Pierre,  and  Fox  Hill  groups,  which  are  still  recog- 
nized. He  remarked  that  some  of  the  fossils  found  in  southern 
Nebraska  seemed  to  possess  Permian  affinities,  though  as  they  all 
extended  down  into  the  Coal  Measures  they  could  not  be  considered  as 
characteristic,  and  therefore  those  rocks  which  he  had  previously 
mapped  and  colored  as  Permian  should  be  relegated  to  the  Permo- 
Carboniferous. 

He  noted  the  occurreni^e  of  Potsdam  sandstone  with  Oholdla  nana 
and  Lingvla  at  South  Pass  on  the  south  side  of  the  Sweetwater.  The 
massive  granites  as  well  as  the  intercalated  stratified  gneisses  extend- 
ing from  South  Pass  Citj^  nearly  to  Pacific  Springs  were  all  regarded 
as  of  sedimentary  origin.  He  showed  that,  near  the  close  of  the  Cre- 
taceous period,  the  ocean  extended  all  over  the  area  west  of  the  Mis- 
sissippi from  the  Arctic  circle  to  the  Isthmus  of  Darien.  A  little  later 
the  great  watershed  of  the  continent  wa*s  marked  out  and  the  marine 
waters  were  separated  into  more  or  less  shallow  seas,  lakes,  and  marshes, 
within  which  grew  the  abundant  forests  that  went  to  form  the  coal 
beds. 

From  a  study  of  the  character  of  the  vegetable  impressions  found  in 
these  beds,  he  argued  that  coal  strata  of  contemporaneous  origin  may 
be  purely  marine,  purely  fresh  water,  or  brackish,  dependent  upon 
local  conditions.  He  pointed  out  that  the  sea  had  not  had  access  to 
the  Salt  Lake  Valley  since  middle  Tertiary  times,  the  sediments  from 
800  to  1,200  feet  in  thickness,  called  by  him  the  Salt  Lake  group,  being 
regarded  as  of  Pliocene  age  and  contemporaneous  with  the  Niobrara, 
Arkansas,  and  Santa  Fe  groups,  and  of  fresh  water  origin. 

This  report  of  Hayden  was  accompanied  by  special  reports  by  Meek 
on  the  invertebrate  paleontology,  InC'Ope  and  Leidy  on  the  vertebrate 
paleontology,  by  Lesquereux  on  paleobotany,  and  by  Newberry  on  the 
ancient  lakes  of  western  North  America.  The  volume  marks  the 
beginning  of  Cope's  work  with  the  Hayden  survey,  which  resulted 
later  in  the  production  of  the  two  monographs  on  the  vertebrataof  the 
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Ci*(etttc(doUs  akid  ttertiary  fotihatiohs  of  the  West,  the  latter,  popularly 
khdwn  as  ^'Odjie's  Primier,"  a  pudgy  volume  of  1,009  r^^.^es  and  134 
fuil-pdfftd  pldtbs:  With  this  year,  too,  began  Jac.v.sous  work,  which 
itftsultfea  in  the  production  of  what  were  at  the  time  the  tinest  land- 
sc^p^  photographs  ever  taken,  and  which  excited  the  wonder  and  admi- 
ration of  geologists  the  world  over. 

In  1871,  with  an  appropriation  of  $40,(MK),  field  operations  were  trans- 
ferred to  Montana  and  portions  of  adjacent  territories,  including  what 
is  now  the  Yellowstone  Park.  To  the  party  of  the  year  previous  was 
WorkofH«vd«.  added  An- 
SdTfcj;V"e±JSSi  ton  SchOn- 
p.rk.1871.  born,    to- 

pographer; G.  N.  Allen,  bot- 
anist, and  Dr.  A.  C.  Peale, 
mineralogist.  The  route  lay 
f  romOgden,  Utah,  alongthe 
shore  of  Salt  Lake  to  Wil- 
lard  City;  thence  through 
the  Wasat<^h  mnge  to  Cash 
Valley,  and  up  the  valley 
to  the  divide  between  the 
Salt  Lake  and  Snake  River 
basins.  From  this  point  they 
descended  Marsh  Creek  to 
the  Snake  River  basin  and 
Fort  Hall.  Following  the 
stage  route  to  Virginia  Junc- 
tion, they  crossed  Black  Tail 
Deer  Creek  near  its  source; 
thence  down  the  Stinking 
Water  to  Virginia  City; 
then,  crossing  the  divide 
eastward  to  the  Madison 
River,  they  descended  the 
valley  about   80  miles  and 

crossed  over  the  other  divide  to  Fort  Ellis,  at  the  head  of  the  Gallatin 
River.  From  Fort  Ellis  the}^  passed  again  eastward  over  the  divide 
between  the  Yellowstone  and  the  Missouri  to  Bottler's  ranch,  where 
was  established  a  permanent  camp.  A  portion  of  the  party  then  pro- 
ceeded up  the  Yellowstone  and  entered  the  park  area,  surveying  the 
mammoth  hot  springs  on  Gardners  River,  the  Grand  Canyon  of  the 
Yellowstone,  the  upper  and  lower  geyser  basins,  and  the  lake.  On 
returning  to  Bottler's  ranch  in  August,  they  passed  down  the  Yellow-  - 
stone  to  Shields  River  and  Fort  Ellis,  and  thence  down  the  Gallatin  to 
Three  Forks,  up  the  Jefferson  to  the  Beaver  Head  Branch  and  t@ 


Fig.  98.— Edward  Drinker  Cope  with  skull  of  Loxolopho- 
don  comutus. 
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Horse  Plain  Creek,  and  across  the  main  Rocky  Mountain  divide  to  the 
headwaters  of  Medicine  Lodge  Creek,  into  thef  Stiake  River  basin, 
to  Fort  Hall  once  more,  and  thence  across  the  niouhtaitts  to  the  head 
of  Bear  River  and  up  the  river  to  Evanston,  on  the  iJhlail  Pacific 
Railroad,  where  the  party  disbanded. 

As  in  years  previous,  Messrs.  Cope,  Lesquereux,  Leidy,  Meek,  New- 
berry, and  others  served  as  collaborators  in  their  especial  fields.  The 
hot  springs  and  geysers  were  described  in  considerable  detail,  and  the 
fact  that  they  were  l)ut  the  feel)le  manifestations  of  dying  volcanic 
energy  recognized.  It  was  shown  that  the  mountain  ranges  passed 
over  lie  along  the  l)orders  of  synclinal  valleys,  which  were  originall}'' 
the  basins  of  fresh  water  lakes,  and  that  all  the  ranges  had  a  general 
north  and  south  or  northwest  and  southeast  trend,  and  were  here  and 
there  connected  by  cross  chains;  that  the  three  main  branches  of  the 
Missouri — the  Madison,  Jefferson,  and  (Jallatin  flowed  through  val- 
leys now  extending  to  a  width  of  3  to  5  miles  and  now  contracting  to 

narrow  canyons,  the  expansions  of  which 
^^^  '    ^^^  *^"  ^^^^  'ake  basins  within  late  Tertiary 

^^H^^H  and  perhaps  early  quaternary  times.     The 

^^H  ^^H  valleys  were  regarded  as  in  part  due  to 

^^H    ^H  erosion,  but  for  the  most  part  as  syncli- 

^^^B^^^^__  ^^^  folds,  the  intervening  mountain  ridges 

^^^■^^j^^  being  wedge-like  masses  of  Carboniferous 

^B^L      ^W  limestones. 

^r^     Jf  The  Avork  done  this  year  V)y  Hayden  and 

^^^  ^^  his  part}"  resulted  in  the  setting  aside  of 

the  Yellowstone  region  as  a  national  park. 
In  1872,  with  appropriations  increased  to 
$75,000,  Haydon  divided  his  force  into  tw^o 
parties.  The  first,  under  his  immediate 
charge,  consisting  of  Adolf  Burck,  chief 
topogmpher;  Henry  Gannett,  astronomer;  A.  K.  Brown,  assistant 
topographer;  E.  R.  Wakefield,  meteorologist;  A.  C.  Peale,  mineralo- 
gist; W.  H.  Holmes,  artist,  and  W.  B.  Piatt,  naturalist. 
Mo5uSi,"r?72r  '°  '^^^^  division  left  Fort  Ellis,  Montana,  and  explored 
the  headwaters  of  the  Yellowstone,  Gallatin,  and 
Madison  rivers  in  much  more  detail  than  had  been  done  during  the 
previous  year. 

The  second  or  Snake  River  division,  under  the  directorship  of  «Tames 
Stevenson,  included  FmnkH.  Bradley,  chief  geologist;  W.  R.  Taggert, 
assistant  geologist;  Gustavus  R.  Bechler,  chief  topographer;  Adolph 
Herring  and  Thomas  W.  Jaycox,  assistant  topographers;  William 
Nicholson,  meteorologist;  John  M.  Coulter,  botanist;  Dr.  Josiah 
Curtis,  surgeon  and  naturalist,  and  William  H.  Jackson,  photogmpher. 
This  division  visited  the  Snake  River  or  Lewis  Fork  of  the  Columbia 
in  Idaho  and  Wyoming  territories,  a  region  up  to  that  time  little 


Fig.  99.— Fielding  Bradford  Meek. 
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known.  The  Teton  Mountains — a  prominent  range — were  ascended 
by  Stevenson  on  this  trip,  this  being  the  first  time,  it  was  claimed, 
that  the  feat  had  been  accomplished  by  a  white  man. 

Professors  Leidy  and  Cope  spent  a  large  part  of  the  summer  in 
studying  the  ancient  lake  basins  in  the  interior,  and  obtained  the 
materials  described  in  Volumes  1  and  2  of  the  quarto  final  reports. 
Lesquereux  spent  several  months  in  exploring  the  coal  beds  to  ascer- 
tain their  geological  position,  and  F.  B.  Meek  and  H.  M.  Bannister 
studied  the  invertebrates.^ 

From  a  preliminary  study  Lesquereux  was  inclined  to  call  the  lignite 
beds  mostly  Eocene.  Meek  regarded  them  as  Upper  Cretaceous,  pass- 
ing through  transition  beds  to  the  Eocene,  and  Cope  regarded  them  as 
Cretaceous.  Hayden  in  this  report  gives,  himself,  a  brief  review  of 
the  opinions  held  and  the  evidence  on  which  same  is  based,  and  con- 
cluded that  the  deposition  of  the  lignite  strata  began  during  the  latter 
portion  of  the  Cretaceous  period  and  continued  on  into  Tertiary  time 
without  any  marked  physical  break,  so  that 
many  of  the  Cretaceous  types,  especially 
of  the  vertebrates,  may  have  lingered  on  , 
through  the  transition  period  even  into  the 
Tertiary  epoch. 

In  this  report  Hayden  called  attention  to 
one  feature  in  the  geological  structure  of 
the  mountains  of  Montana  observed  by  the 
survey  during  the  past  season  for  the  first 
time  and  not  noticed  in  such  a  marked  de- 
gree in  an}^  other  portion  of  the  West,  and 
that  is  the  inversion  of  the  sedimeiitar\' 
beds,  so  that  the  oldest  incline  at  a  greater 
or  less  angle  on  those  of  more  modem  ages.  "fJ^.  loo.-riunk  Howe  b^^ 
As  illustrative  of  this,  he  gave  an  east  and 

west  section  across  the  Flathead  Pass  in  the  East  Grallatin  range,  the 
central  portion  of  this  range  being  composed  of  Carboniferous  lime- 
stone standing  nearly  vertically.  A  similar  illustration  of  inversion 
was  given  by  Peale  in  his  report  on  the  geology  of  Jackass  Creek  on 
the  upper  Missouri  River. 

Another  point  to  which  Hayden  called  attention  in  this  report  was 
the  fact  that  the  streams  ^'seem  to  have  cut  their  way  directly  through 
the  mountain  ranges  instead  of  following  synclinal  depressions,"  indi- 
cating, to  his  mind,  that  they  began  the  process  of  erosion  at  the  time 
of  the  commencement  of  the  elevation  of  the  surface.  (See  also  Powell, 
p.  566.)  The  period  of  intense  volcanic  activity  manifested  in  the 
Yellowstone  region  he  thought  to  have  probably  commenced  some- 
where during  later  Miocene  or  early  Pliocene  epochs. 

«  Bannister  alno  reported  on  a  geolojdcal  rei^onnaissanoe  alon^■ttie'^lJnR)Vl^^m^ 
Railroad  this  same  year. 
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With  Cope,  Leidy,  and  Marsh  all  in  the  field  of  vertebrate  paleon- 
tology at  one  time,  it  is  not  strange  that  a  spirit  of  rivalry,  if  not  of 
personal  jealousy,  should  have  arisen.  This  found  expression  in 
numerous  instances  which  at  this  date  are  only  amusing,  however 
serious  they  may  at  the  time  have  seemed  to  those  most  interested. 
Thus,  Cope  in  1S68  described  and  figured  remains  of  a  marine  saurian 
from  the  Cretaceous  of  Kansas,  to  which  he  gave  the  name  of  Ehis- 
momivrm  platyfinn^.  Leidy,  ever  on  the  alert,  made  a  reexamination 
of  the  materials,  and  at  the  meeting  of  the  Philadelphia  Academy  on 
Man^h  8,  1870,  announced  that  the  remains  were,  in  reality,  those  of 
an  Knaliosaurian  and  closely  allied  to  Plesiosaurus,  and,  further,  that 
Cope\s  error  in  identification  lay  in  his  having  described  the  animal — 
the  skeleton  of  which  was  without  a  skull  and  quite  incomplete — in  a 
reversed  position  from  the  true  one." 

In  1873,  with  appropriations  the  same  as 
for  the  previous  season,  the  field  of  opera- 
tions was  transferred  to  Colorado,  this  in 
part  owing  to  the  expense  of  transportation, 
subsistence,  and  labor  in  regions  so  remote 
as  those  of  the  upper  Missouri,  and  in  part  to 
the  hostility  of  the  Indians. 

Work  off  Hayden  n^i  i  i 

Survey  in  Colorado,        \  he  party  rendezvoused  at 

1873-1876.  rf,.  1       -J    J 

Denver.  I  he  area  decided 
upon  to  be  surveyed  comprised  the  eastern 
portion  of  the  mountainous  part  of  Colorado, 
and  was  divided  into  three  districts  known 
as  the  North,  Middle,  and  Southern.  The 
personnel  and  their  assignments  were  as 
follows: 

The  first  or  Middle  Park  division,  directed  by  A.  R.  Marvine,  assist- 
ant geologist,  with  (t.  R.  Bechler,  topogmpher,  and  S.  B.  Ladd, 
assistant  topographer.  The  second  or  South  Park  division,  with 
Henry  (laimett  as  topographer  in  charge;  Dr.  A.  C.  Peale,  geologist; 

«  Another  illustration  of  ha^^ty  work — in  this  cawe  through  fear  of  anticipation  by 
Marsli— is  furnished  by  Cope  while  with  the  Hayden  survey  in  Wyoming  in  this 
year  (1872).  Finding  certain  fragmentary  vertebrate  remains  which  he  believed  to 
represent  new  species,  he  actually  sent  the  following  telegram  to  the  Philadelphia 
Academy  in  order  to  secure  priority  of  publication: 

Black  Buttks,  Wvomincj,  Axig.  77,  187S. 
I  have  discovered  in  southern  Wyoming  the  following  si)ecies: 
lAjjolophodon  Cope.     Incis.  1,  one  canine  tusk,  pm.  4,  with  one  crescent  and  inner 
tul>ercle;  molars   2,    size  gigantic.     L.   cornutm,   horns   tripedral,  cylindric;  nasals 
with  short  convex  lol>e8.     L.  furcatnSf  nasals  with  long  spatulate  lobes.     L.  pretm- 
ror»/>t,  horns  compresse<l  subacuminate. 

KdWARD    1).    C'OPE, 

r.  S.  (ieolomcal  Sun^ey. 
Digitized  by  CjOOQ IC 
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Vui.  102.— Frederic  Miller  Endlich. 


W.  R.  Taggert,  assistant  geologist;  Henry  W.  Stuckle,  assistant 
topographer,  and  J.  H.  Batty,  naturalist.  The  third  or  San  Luis 
division  was  in  charge  of  A.  D.  Wilson,  topographer,  with  (ieorge  M. 
Chittenden,  assistant  topographer,  and  Dr.  F.  M.  Endlich,  geologist. 
The  work  of  this  year  extended  as  far  westward  in  Colorado  as 
Middle  Park,  the  Elk  Mountains,  and  the  San  Luis  Park.  It  was 
during  this  season's  work  that  the  peculiar 
examples  of  sulmerial  erosion  of  Monument 
Park  in  Colorado  were  described  and  fig- 
ured, which  have  so  frequently  served  the 
puipose  of  reproduction  in  the  text-books. 
The  wonderful  instances  of  complete  over- 
turning of  immense  groups  of  beds,  as 
illustrated  in  the   Elk   Range,  were  again 

referred  to,  atten- 
tion being  called  to 
the  fact  that  for 
several  miles  there 
is  a  double  series 
from  the  Silurian 
up  to  the  Creta- 
ceous, inclusive,  which  had  been  thus  in- 
verted. In  this  report,  too,  were  given  the 
examples  of  inversion  in  the  Snow  Mass 
Range  and  the  view  on  Roches  Moutonn^s 
Creek,  l)oth  of  which  have  served  their  pur 
pose  in  the  text-lK)oks  of  Dana  and  Le  Conte. 
The  question  of  the  age  of  the  lignite  beds 
occupied  the  attention  of  nearly  all  the  work- 
ers in  the  field  (see  p.  647).  Lesquereux,  in 
his  chapter  on  the  lignite  flora,  argued  in 
favor  of  the  Eocene  and  Miocene  age  of  the 
beds.  Though  not  denying  the  presence  of 
animal  Cretaceous  remains  in  the  lignite 
strata,  he  regarded  the  '^presence  of  some 
scattered  fragments  of  Cretaceous  shells  as  of 
little  moment  in  comparison  with  the  well- 
Fiu.  103.— In  verted  beds  of  Jack-     marked    characters    of    the    flora."     Meek\s 

•as8  Creek.    (After  A.C.  Peale.)       .  .    i       .  i  i  j    j 

invertebrate  work,  moreover,  he  regarded  as 
rather  in  favor  of  the  Tertiary  hypothesis.  To  Cope's  conclusions 
'''that  a  Tertiary  flora  was  contemporaneous  with  a  Cretaceous  fauna, 
establishing  an  uninterrupted  succession  of  life  across  what  is  gene- 
rally regarded  as  one  of  the  greatest  breaks  in  geological  time,"  he 
took  exception,  as  it  did  not  appear  to  exactly  conform  to  facts. 
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During  the  years  1874  to  1876  work  under  essentially  tiie  same  con- 
ditions was  continued  by  the  Harden  survey  throughout  Colorado,  the 
appropriations  being  $75,000  annually,  with  the  exception  of  1876, 
when  they  dropped  to  $H5,000.  The  individual  work  of  Hayden  him- 
self becomes  gradually  less  conspicuous  in 
the  reports  issued,  ow  ing  to  the  increased 
amount  of  administi'ative  work. 

In  1874  the  party  under  direction  of 
A.  R.  Marvine  was  engaged  in  the  southern 
portion  of  North  Park;  that  under  Dr. 
A.  C.  Peale  in  the  region  bounded  on  the 
north  by  the  Eagle  and  Grand  rivers,  on 
the  east  by  the  one  hundred  and  seventh 
meridian,  on  the  west  by  the  State  line,  and 
on  the  south  by  latitude  38^  20'.  The  third* 
division  under  A.  D.  Wilson,  with  F.  M. 
Endlich,  geologist,  was  assigned  to  what  is 
known  as  the  San  Juan  district,  and  the 
fourth,  under  the  immediate  direction  of 
Doctor  Hayden,  with  W.  H.  Holmes  as  artist  and  geologist,  to  the 
Elk  Mountain  region. 

In  the  report  for  1874  Hayden  devoted  considerable  attention  to  the 
stratigraphic  position  of  the  Lignite  group,  a  discussion  of  which  may 
be  referred  to  later.  Perhaps  the  most  striking  feature  brought  out 
in  the  work  of  this  year  was  that  relative  to  the  Elk  Mountains.  This 
range  was  regarded  by  Hayden  as  a  grand 
illustration  of  an  eruptive  range,  "the 
inunense  faults,  complete  overturning  of 
thousands  of  feet  of  straUi,  and  the  great 
number  of  peaks,  all  composed  of  eruptive 
rocks,"  indicating  to  him  periods  of  violent 
and  catastrophic  action.  The  great  thick- 
ness of  sedimentary  strata  which  had  l>een 
carried  to  the  loftiest  points  of  the  axial 
ridge  in  a  nearly  horizontal  position  he 
thought  might  be  explained  on  the  supi)o- 
sition  that  at  one  time  the  sedimentary  mass 
rested  on  a  floor  of  pa.sty  or  semipasty 
granite,  and  that  the  forces  in  the  interior 
were  struggling  to  tind  vent  and  carried 
upward  the  entire  overlying  mass.  This  description  is  of  interest 
when  taken  in  conne<ti()n  with  one  by  Marvine  the  year  previous  a,s 
showing  the  gradual  inception  of  the  laccolithic  idea  afterwards 
worked  out  in  detail  by  Holmes,  Peale,  and  Gilbert,  to  which  I  will 
now  refer. 


-Archibald  Robertson 
MKrvine. 
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Pig.  1.  Sertiou  arroii  Northern  Group. 
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In  deefcribihg  the  Sietra  La  Sal  south  of  the  Gunnison  in  the  report 
for  1875^  Peale  compared  them  in  structure  with  the  Elk  Moutitaids — 
that  is,  as  of  einiptive  origin.  "'By  this,"  he  Wrote,  ''^I  mean  that 
the  sedimentary  strata  have  been  lifted  up  by  eruptive  rock  which  has 
broken  through  them  in  some  places,  and  in  others  is  seen  only  as  the 
result  of  subsequent  erosion."  As  iUustrative  of  this,  he  gave  the 
figure  reproduced  here.     (Fig.  106.) 

The  idea  thus  advanced  seems  to  have  been  contagious,  for  in 
the  same  report  Holmes  described  the  Sierra  El  Late  as  formed 
of  a  number  of  distinct 
bodies  of  trachytic  rock 
that  had  reached  their 
present  horizon  through 
closely  associated  vents, 
frequently  bending  up 
the  sedimentary  rocks  at 
a  high  angle  around  the 
borders,  the  upturned 
strata  including  the 
lower  part  of  the  Middle 
Cretaceous  shales  and 
portions  of  the  Dakota 
sandstone.  His  obser- 
vations tended  to  show, 
to  quote  his  own  words, 
''that  there  had  been  a 
sort  of  absorption,  so  to 
speak,  of  the  shales,  and 
that  at  least  half  of  the 
space  through  which  the 
trachyte  is  distributed  is 
occupied  by  the  crushed 
and    metamorphosed  no. io6.-(Aft«r a. c. Peaie.) 

fragments  of  shale.  As  a  consequence  the  height  of  the  arch — such  as 
may  once  have  existed — would  not  equal  the  height  of  the  trachytic 
mass,  as  onlv  the  higher  layers  of  shale  extend  entirely  over  it.  His 
idea  regarding  the  formation  of  this  mountain  can  be  best  understood 
by  reference  to  tig.  107,  copied  from  Plate  46  in  the  report  for  1875.^ 
(See  further  on  p.  622.) 

«The  views  regarding  this  method  of  mountain  formation  were  8ul)eequently 
summed  up  by  Peale  in  an  article,  On  a  Peculiar  Type  of  Eruptive  Mountains  in 
Colorado,  which  was  published  in  No.  3  of  the  Bulletins  of  the  Geological  Survey, 
May  15,  1877. 


BMt  no*  «;;ie5TC" 


Fig.  2.  Section  acroKK  Middle  Oroap. 
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Section  •croiK  Southeru  Group. 
7  milei 


^K. 


EH 


CZltiMfcy*. 


Sectiont  acroM  the  8IEBBA  LA  SAL. 

farltBMMtMfOBPteMT. 


Digitized  by  VjOOQ IC 


602 


REPORT   OF   NATIONAL   MUSEUM,  1904. 


In  the  season  of  1876  C.  A.  White  was  at  work  in  northwest  Ck>Io- 
rado,  including  the  area  lying  between  the  Uinta  and  Park  ranges. 
F.  M.  Endlich  was  engaged  in  the  survey  of  the  White  River  district, 
A.  C.  Peale  of  the  Grand  River  district,  and  W.  H.  Holmes  of  the 
Sierra  Abajo  and  West  Miguel  mountains. 

In  the  interval  between  the  issue  of  the  reports  for  1875  and  1876 
Hayden,  at  the  suggestion  of  King,  had  decided  to  call  the  ti*ansition 
group,  heretofore  referred  to  by  him  as  Lignitic  and  the  exact  geolog- 
ical position  of  which  was  still  in  dispute,  the  Laramie  group. 
The  report  of  this  year  contained  little  that  is  new  or  striking,  the 

work  resulting  mainl}"  in 
an  extension  of  our  knowl- 
edge of  the  geographic 
range  of  various  geological 
formations.  White,  work- 
ing in  the  Uinta  region, 
aptly  compared  the  struc- 
ture of  Junction  Mountain 
to  a  displacement  which 
might  be  illustrated  by  the 
action  of  a  large  punch 
worked  by  machinery,  the 
perforated  heavy  iron 
plates  being  somewhat 
torn  in  places  and  nowhere 
clearly  cut  through  in  the 
process  of  punching.  The 
work  of  White  this  year 
as  a  whole  confirmed  the 
view  held  by  Hayden  that 
these  lignitic  or  Laramie 
beds,  as  they  are  now 
called,  are  of  a  transitional 
nature. 
The  field  work  for  Colo- 
rado was  completed  in  1876.  The  following  year  (1877)  the  work  was 
extended  northward  into  Idaho  and  Wyoming.  The  geological  work 
was,  as  before,  assigned  to  Drs.  F.  M.  Endlich  and  A.  C.  Peale,  with 
the  addition  of  Orestes  St.  John.  P^ndlich  worked  in 
Idaho  and  the  Sweetwater  region,  Peale  in  the  Green  River  dis- 

trict, and  St.  John  in  the  Teton  district. 
S.  H.  Scudder  spent  two  months  of  the  year  in  Colorado,  Wyom- 
ing, and  Utah  in  collecting  fossil  insects,  which  were  subsequently 
described  in  the  thirteenth  monograph  of  this  survey.     Sir  Joseph 
Hooker,  director  of  the  Kew  (xardens,  England,  and  Prof.^sa  Gfay, 
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Work  of  Hayden  in 
Wyoming,  1878. 


of  Cambridge,   Massachusetts,  accompanied   the   party    for   a   time, 
making  valuable  botanical  collections. 

St.  John  noted  the  overturned  character  of  a  portion  of  the  Caribou 
Range  and  made  numerous  sections  across  the  Teton  Range.  Peale 
noted  that  in  the  region  of  the  Blackfoot  Basin  the  structure  was  that 
of  a  series  of  anticlinal  and  s^^nclinal  folds,  the  streams  sometimes 
occupying  the  synclines  and  sometimes  the  monoclines.  Also  that 
there  were  at  least  three  parallel  anticlinal  axes  having  the  general 
direction  northwest  and  southeast. 

Hay  den's  twelfth  and  last  annual  report,  bearing  date  of  1879  (1883), 
was  issued  in  the  form  of  two  volumes  of  upward  of  twelve  hundred 
pages,  and  included  the  work  of  the  corps  for  the  field  season  of  1878 
and  the  ofiice  work  until  the  closing  up  of  the  survey, 
which,  by  law,  took  effect  June  30,  1879. 
The  headquarters  of  the  survey  were  at  Cheyenne, 
Wyoming,  as  in  previous  years,  and  but  four 
parties  organized.  The  geological  work  was 
under  the  charge  of  W.  H.  Holmes,  A.  C. 
Peale,  and  Orestes  St:  John,  and  the  pale- 
ontological  work  under  Dr.  C.  A.  White. 
Mr.  Holmes  made  a  general  survey  of  the 
park,  while  Peale,  assisted  by  J.  E.  Mush- 
back,  was  occupied  in  making  detail  studies 
of  the  geyser  and  hot-spring  localities. 

The  party,  with  St.  John  as  geologist, 
surveyed  the  Wind  River  Mountains  and  a 
portion  of  the  Wyoming  and  (iros  Ventre 
ranges.  The  work  of  the  toj>ographic  party 
in  the  Wind  River  and  Grand  Teton  re- 
gions was  hampered  by  their  being  robbed 
of  all  their  animals  and  a  portion  of  their  outfit  by  hostile  bands  of 
Indians. 

During*  the  summer  of  1877  Prof.  S.  H.  Scudder,  with  a  party, 
visited  the  Tertiary  lake  basin  at  Florissant  and  made  an  extensive 
collection  of  fossil  insects,  the  published  descriptions  of  which  have 
made  this  region  classic. 

The  two  volumes  mentioned  are  almost  monographic  as  far  as  the 
hot  springs  and  geysers  are  concerned,  and  are  rendered  unusually 
attractive  for  their  time  by  the  sketches  and  panoramas  of  Holmes. 
Peale  gave  a  detailed  description  of  all  the  springs  and  geysers  of  any 
importance  found  in  the  park,  describing  and  tabulating  over  2,0(K)  of 
the  former  and  71  of  the  geysers.  Holmes's  report  was  accompanied 
by  some  brief  petrographic  descriptions  by  Capt.  C.  E.  Dutton. 

Dr.  F.  V.  Hayden  was  born  at  Westtield,  Massachusetts,  September  7, 
1829.    His  father  dying  when  he  was  but  ten  years  of  age  and  his  mother^ 


Fig.  108.— William  Honrv  Holmes. 
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tiiartying  a^in,  he  went  at  the  age  of  twelve  to  live  with  an  uncle  in 
Philadelphia,  where  he  stayed  Until  he  was  eighteen,  beginning  when 
he  wa.s  .sixteen  to  teach  during  the  winter  months  in 
Sketch  of  Hayden.  the  district  schools  of  the  neighborhood.  When  eight- 
een, ambitious  for  an  education  and  without  money,  he 
walked  to  Oberlin  and  laid  his  case  before  President  Finney,  of  Ober- 
lin  College,  who  gave  him  such  encouragement  and  sympathy  that  he 

set  about  preparing 
himself  for  college, 
working  meanwhile  at 
whatever  he  found  to 
do  to  pay  for  his  sup- 
port and  tuition. 

He  entered  college 
and  graduated  in  1850, 
paying  all  his  own  ex- 
penses from  the  time 
he  entered  until  gradu- 
tftion.  These  facets  are 
mentioned,  since  the}' 
show  the  character  of 
the  man  and  enable  one 
to  understand  better 
the  causes  of  his  suc- 
cess in  after  life.  It  is 
important  to  note, 
however,  that,  owing 
to  his  shyness  and  diffi- 
dence, his  fellow  stu- 
dents did  not  predict 
for  him  a  prominent 
career,  notwithstand- 
ing his  ai^knowledged 
scholarly  habits. 

After  graduating  he 
studied  medicine  and 
received  the  degree  of 
M.  D.  in  1853  at  Al- 
bany, New  York.  While  here  he  became  acquainted  with  Prof.  James 
Hall,  and  in  the  spring  of  1853,  together  with  F.  B.  Meek,  went  to  the 
Bad  Lands  of  the  upper  Missouri  to  make  collections,  as  already 
noted.  This  trip  marked  the  beginning  not  only  of  his  scientific 
career  but  also  that  of  his  association  with  Meek,  which  lasted  until 
the  latter's  death  in  1876,  and,  incidentally,  furnished  an  example  of 
uninterrupted  collaboration  without  a  counteipart  in  the  history  of 
American  geology.  -yu^t^u uy  ^^^^^.^ 


Fio.  109.— Showing  areas  surveyed  and  mapped  by  the  Hayden 
Surveys,  1870-78. 
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Ferdinand  Vandiveer  Hayden. 
Director  of  V,  S.  (ieological  Survey  of  the  Territories. 
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Hayden's  ncientific  career,  8o  promisingly  begun,  was,  however,  inter- 
rupted by  the  outbreak  of  the  civil  war,  when  he  promptly  volunteered^ 
entering  the  Union  army  as  an  assistant  surgeon  and  gradually  rising 
to  become  post-surgeon  and  surgeon  in  chief  to  the  Twenty -second! 
Division  of  Cavalry.  In  June,  1865,  he  resigned  from  the  army,  but 
was  subsequently  breveted  lieutenant-colonel  for  meritorious  conduct.. 
In  the  same  year  he  was  elected  professor  of  geology  and  mineralogy 
in  the  University  of  Pennsylvania,  holding  this  chair  until  1872,  when 
he  was  forced  to  resign,  owing  to  his  mpidly  increasing  duties  in  con- 
nection with  the  Geological  Survey. 

In  1879,  after  the  consolidation  of  the  various  surveys,  Doctor  Hay- 
den  wasappointed  one  of  the  geologists  on  the  new  organization.  Dur- 
ing the  next  four  years  his  time  was  devoted  mainly  to  the  completion 
of  the  business  and  final  publication  of  the  reports  of  the  Geological 
and  Geographical  Survey  of  the  Territories.  His  health  l)egan  failing 
soon  after  his  acceptance  of  this  i>osition,  and  in  June,  1882,  at  his  own 
request,  he  was  relieved  from  the  work  of  supervision  of  printing  the 
reports  and  assigned  to  duty  in  the  field,  spending  the  summers  of 
1883-1886  in  Montana.  His  disease  {locomotor  ataxia)^  however,  grew 
steadily  upon  him,  and  in  1886  he  resigned  on  account  of  complete 
incapacity  for  dut\',  thus  closing  a  career  of  nearly  thirty  years  of 
actual  service  as  naturalist,  surgeon,  and  geologist  in  connection  with 
the  Government. 

The  apparent  diflSdence  which  impressed  Doctor  Hayd^in's  fellow- 
students  at  Oberlin,  and  led  them  to  be  doubtful  as  to  his  future  course 
in  Ufe,  chamcterized  his  maturer  ye^rs,  and  to  those  not  well  acquainted 
with  him  made  it  diflScult  to  account  for  his  success.  However,  enthu- 
siasm, perseverance,  and  energy  were  qualities  equally  characteristic 
of  him  all  his  life,  and  what  seemed  to  be  diflSdence  was  largely  the 
result  of  his  nervous  temperament.  The  secret  of  his  success  is  to  be 
found  in  his  enthusiastic  frankness  and  his  energetic  determination  to 
carry  through  whatever  he  undertook.  He  was  absorbed  in  the  work 
of  the  Geological  Survey  and  bent  all  his  energies  to  its  success. 
Excitable  in  temperament  and  frequently  impulsive  in  a<;tion,  he  was 
generous  to  a  fault,  and,  although  ever  ready  to  defend  what  he  believed 
to  be  right,  he  was  willing  upon  the  presentation  of  evidence  to  modify 
his  views. 

He  was  always  careful  to  give  due  credit  to  all  who  had  worked  in 
the  fields  he  afterwards  explored.  In  one  of  his  reports,  speaking  of 
those  who  had  preceded  him,  he  says: 

Any  man  who  regards  the  permanency  or  endurance  of  his  own  reputation  will  not 
ignore  any  of  those  frontiersmen  who  made  their  early  explorations  under  circum- 
stances of  great  danger  and  hardship. 

The  same  spirit  actuated  him  in  his  treatment  of  his  subordinates 
and  co-workers.     His  honesty  and  integrity  were  undoubted  and  his^ 
work  for  the  Government  and  for  science  was  a  labor  of  love.         ^ 
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The  following  extract  is  from  an  article  by  Dr.  Archibald  Oeikie, 
then  director  of  the  Geological  Surve^^  of  Great  Britain: 

There  can  be  no  doubt  that  among  the  names  of  those  wlio  have  pioneered  In  thta 
marvelous  geology  of  western  North  America  that  of  F.  V.  Ilayden  will  alwayw 
hold  a  high  and  honored  place.  This  place  will  \ie  his  due  not  only  because  of  hie 
own  pertJonal  achievements  in  original  exploration.  His  earlier  work  exhlbitit  hilii'h 
of  that  instinctive  capacity  for  grasping  geological  structure  which  is  the  maitt 
requisite  for  a  field  geologist.  He  had  a  keen  **eye  for  country.**  But  he  likewise 
po8ses.sed  the  art  of  choosing  the  best  men  for  his  assistAntjS  and  the  tact  ol  attfticting 
them  to  himself  and  his  corps.  In  this  way  he  accomplished  much  excellent  work, 
keeping  himself  latterly  in  the  background  so  far  as  actual  personal  geological  inves- 
tigations were  concerned,  and  contenting  himself  with  the  laborious  task  of  organi- 
zation and  supervision  while  he  encouraged  and  pushed  forward  his  coadjutors.'' 

In  an  obituary  notice  of  Doctor  Hayden,  read  before  the  American 
Philosophical  Society,  Prof.  J.  P.  Lesley,  who  had  known  him  for 
many  years,  pays  him  the  following  tribut-e: 

He  represented  in  science  the  curiosity,  the  intelligence,  the  energy,  the  practical 
business  talent  of  the  western  people.  In  a  few  years  they  came  to  adopt  him  as 
their  favorite  son  of  science.  He  exactly  met  the  wants  of  the  Oreat  West.  There 
was  a  vehemence  and  a  sort  of  wildness  in  his  nature  as  a  man  which  won  him  suc- 
cess, c<x)peration,  and  enthusiastic  reputation  among  all  cla««es,  high  and  low, 
wherever  he  went.  In  the  wigwam,  in  the  cabin,  and  in  the  court-house  he  w-as 
equally  at  home,  and  entirely  one  with  the  people.  He  popularized  geology  on  the 
grandest  scale  in  the  new  States  and  Territories.  He  easily  and  naturally  affiliated 
with  every  kind  of  explorer,  acting  with  such  friendline^»s  and  manly  justice  toward 
those  whom  he  employed  as  his  coworkers  that  they  pursued  with  hearty  zeal  the 
development  of  his  plans. 

In  dealing  with  the  public  men  of  the  country  he  was  so  frank,  forcible,  and  direct 
that  it  was  impossible  to  suppress  or  resist  him.  He  had  the  western  people  at  his 
back  so  heartily  and  unanimously  that  he  was  for  a  long  time  master  of  the  scientific 
situation  at  Washington.  He  was  a  warm  personal  friend  of  some  of  the  highest 
officials  of  the  Government,  who  never  failed  to  support  strenuously  and  suct^ess- 
fully  his  surveys. 

1  think  that  no  one  who  knows  the  history  of  gei)l()gy  in  the  Tnited  Stati'scan  fail 
U)  recognize  the  fact  that  the  present  magnificent  United  States  (ieological  Survey, 
now  under  the  direction  of  Major  Powell,  is  the  legitimate  child  of  Doctor  Hayden*s 
Territorial  surveys. 

According  to  Cope,*  the  Sioux  Indians  gave  to  Ha^^den  the  name 
"The-man-who-picks-up-rocks-running,"  a  name  which  was  certainly 
descriptive  of  the  manner  in  which  much  of  his  work  was  necessarily 
done.  The  same  writer  states  that  at  one  time,  when  engaged  in  the 
exploration  of  the  Laramie  beds  of  the  upper  Missouri,  he  was  pur- 
sued and  finally  overtaken  by  a  band  of  hostile  Indians.  Finding  him 
armed  only  with  a  hammer  and  carrying  a  bag  of  rocks  and  fossils, 
which  they  emptied  out  and  examined  with  much  surprise  and  curi- 
osity, they  concluded  he  was  insane  and  let  him  alone. 

"Nature,  XXXVII,  February,  1888,  pp.  326-327. 
''American  Geologist,  I,  1888,  p.  110. 
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Plate  32. 


Fielding  Bradford  Meek. 

Paleontologist. 
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F.  B.  Meek,  Hayden's  collaborator,  was  born  of  Irish  parentage  in 
the  city  of  Madison,  Indiana,  in  1817,  and  during  1848-49  served 
as  assistant  to  D.  D.  Owen  on  the  surveys  of  Iowa,  Wisconsin,  and 
Minnesota.  Afterwards  (from  1852-1858)  he  was  assist- 
sketch  off  Meek.  ant  to  Jamcs  Hall  at  Albany,  New  York,  and  for  a 
portion  of  the  time  connected  with  the  geological  sur- 
vey of  Missouri  with  Prof.  G.  C.  Swallow.  As  noted  elsewhere,  he 
became  early  associated  with  Ilayden,  and,  though  refusing  to  become 
officially  connected  with  the  survey,  was  tacitly  associated  with  him 
until  the  time  of  his  death.  Indeed,  all  the  invertebrate  fossils  col- 
lected by  Hayden  in  his  western  explorations  were  studied  and  the 
results  prepared  for  publication  by  Meek,  although  appearing  mainly 
under  the  joint  name  of  Meek  and  Hayden. 

On  leaving  Albany  in  1858  Meek  came  to  Washington,  where  he 
resided  during  the  remainder  of  his  life,  having  a  room  in  the  Smith- 
sonian building.  He  was  moderately  tall  and  rather  slender  in  build, 
with  a  dignified  bearing,  though  quite  diffident.  During  the  latter 
part  of  his  life  he  was  also  deaf,  which  caused  him  to  avoid  social 
gatherings  almost  altogether.  He  was  never  a  man  of  robust  health; 
indeed,  during  a  large  part  of  his  life  he  was  more  or  less  an  invalid. 
Genial,  sincere,  pure-minded,  and  honorable,  such  are  the  adjectives 
applied  to  him  by  his  biographer.  With  the  exception  of  James  Hall, 
he  is  perhaps  the  most  widely  known  of  American  paleontologists. 
Indeed,  had  Meek  possessed  the  tremendous  physique  of  Hall  or  the 
nervous  energy  of  Hayden,  he  might  have  stood  alone  head  and 
shoulders  above  most,  if  not  all,  his  contemporaries.  As  it  was,  he 
did  his  best  work  only  in  the  service  of,  or  in  collaboration  with 
others,  never  as  an  organizer  or  leader.  It  is  true  that  in  his  first 
expedition  (under  the  patronage  of  Hall)  to  the  Bad  Lands  he  out- 
ranked Hayden,  and  that  in  numerous  instances  his  work  was  of  a 
higher  order.  Yet  his  mildness  of  character  and  lack  of  disposition 
to  assert  himself,  until  perhaps  too  late,  caused  him  to  almost  invaria- 
bly occup3^  ^  second  place  in  any  organization  with  which  he  was 
connected. 

THE  FORTIETH  PARALLEL  SURVEY  UNDER  CLARENCE  KING. 

In  1867  there  was  established  by  Congressional  action,  and  almost 
wholly  through  the  personal  efforts  of  Clarence  King,  what  has 
since  been  known  as  the  (Jeological  Survey  of  the  Fortieth  Parallel. 
^.    .  „  ,       This,  though  subject  to  the  administrative  control  of 

King'f  Survey  of  the  ^        '  .      ^t  i  i.  tt     r^    t^       .  , 

Portiejh  ParaUei,       (ien.  A.  A.  Humphrey  of  U.  h.  ll.ngmeers,  was  under 
the  immediate  direction  of  King,  to  whom  must  be 
given  almost  the  entire  credit  of  its  inception  and  successful  execution. 
The  immediate  excuse  for  the  survey  was  the  desirability  of  ascer- 
taining the  character  of  the  mineral  resources  of  the  country  torb^ 
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traversed  by  the  Pacific  Railroad.  The  region  explored,  however, 
was  a  very  extended  one,  reaching  from  the  eastern  Colorado  range  to 
the  Sierra  Nevadas,  with  an  average  width  of  about  100  miles  along 
the  fortieth  parallel. 

The  plan  of  the  work,  as  outlined  by  Emmons,^  contemplated  making 
a  topographical  map  of  the  region  on  the  general  plan  of  those  made 
at  the  present  time,  i.  e.,  one  on  which  the  topography  was  indicated 
by  contour  lines  rather  than  hachures  on  the  hillsides,  the  then  pre- 
vailing custom.  The  scale  adopted  was  4  miles  to  the  inch,  and  the 
original  area  divided  into  three  rectangular  blocks  or  atlas  sheets,  each 
about  165  miles  in  length  by  100  miles  in  width.  Subsequently  two 
more  blocks  were  surveyed,  making  the  total  area  surveyed  and 
mapped  some  82,500  square  miles. 

The  party,  according  to  the  author  above  quoted,  rendezvoused  in 
California  in  the  early  part  of  the  summer  of  1867,  and  began  their 
work  at  the  east  base  of  the  Sierras  in  August,  with  J.  D.  Hague, 
Arnold  Hague,  and  S.  F.  Emmons  as  geological  assistants.  Though 
few  in  number,  the  force  was  beyond  question  the  best  equipped  of 
any  that  had  thus  far  entered  the  field  of  American  geology. 

The  winter  of  1867-68  was  spent  at  Virginia  City,  Nevada,  in  the 
study  of  the  Comstock  Lode,  the  mines  of  which,  then  but  1,000  feet 
in  depth,  had  already  produced  some  one  hundred  millions  of  dollars. 
The  results  of  this  work  appeared  in  J.  D.  Hague's  monograph,  The 
Mining  Industry,  published  in  1870. 

During  the  season  of  1868  the  work  of  the  survey  was  pushed  east- 
ward entirely  across  the  Great  Basin  to  the  western  shore  of  Great 
Salt  Lake.  In  that  of  1869  the  desert  ranges  of  Utah,  the  Wasatch, 
and  the  western  end  of  the  Uinta  ranges  were  surveyed.  This  com- 
pleted the  work  as  originally  planned,  and  with  headquarters  at  New 
Haven,  the  task  of  working  up  the  collections  and  platting  the  topo- 
graphic and  geologic  notes  was  undertaken. 

This  work  was,  however,  abruptly  interrupted  in  the  summer  of 
1870  by  telegraphic  orders  from  Geneml  Humphrey,  directing  the 
party  to  once  more  take  the  field,  Congress,  without  solicitation,  hav- 
ing appropriated  money  for  the  continuation  of  the  survey.  It  being 
then  too  late  in  the  season  to  prepare  the  necessary  outfit  for  work  in 
the  high  mountain  regions  east  of  the  Wasatch,  the  season  was  devoted 
to  a  study  of  the  extinct  volcanoes.  Mount  Shasta,  Mount  Rainier, 
and  Mount  Hood.  Among  the  results  of  this  study  was  the  discovery 
of  the  first-known  active  glaciers  within  the  limits  of  the  United 
States. 

During  the  summers  of  1871-72  the  survey  was  carried  eastward  to 
the  Great  Plains  and  included  an  examination  of  the  Eocene  beds  of 


« Presidential  Address,  Geological  Society  of  Washington,  1896. 
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the  Green  River  Basin,  the  Uinta  and  Elk  Mountains  and  the  inter- 
vening Mesozoic  and  Tertiary  valleys  of  the  North  Park  and  the  Lar- 
amie Plains,  the  Medicine  Bow  Range,  and  the  northern  extension  of 
the  Front  Range. 

The  survey  made  no  annual  or  preliminary  reports,  and  as  the 
thorough  study  of  the  data  collected  consumed  several  years  of  time, 
some  of  the  results  obtained  were  anticipated  bv  other  organizations 
through  priority  of  publication. 

The  published  reports,  which  appeared  in  the  form  of  quarto  vol- 
umes, named  in  the  order  of  their  appearance,  were:  Vol.  Ill,  Mining 
Industry,  by  James  D.  Hague,  1870;  Vol.  V,  Botany,  by  Sereno  Wat- 
son, 1871;  Vol.  VI,  Microscopical  Petrography,  by  Ferdinand  Zirkel, 
1876;  Vol.  II,  Descriptive  Oeology,  by  Arnold  Hague  and  S.  F. 
Emmons,  1877;  Vol.  IV,  consisting  of  Parts  1  and  2,  Paleontology, 
by  F.  B.  Meek,  James  Hall,  and  R.  P.  Whitfield,  and  Part  3,  Orni- 
thology, by  Robert  Ridgeway,  1877;  Vol.  I, 
Sytematic  Geology,  by  Clarence  King,  1878; 
and  Vol.  VII,  Odontornithes,  by  O.  C. 
Marsh,  in  1880.  The  first  volume  was  ac- 
companied by  a  geological  atlas  containing 
ten  large  double  maps. 

To  properly  summarize  the  work  of  the 
survey,  as  made  known  in  these  volumes, 
is  a  practical  impossibility  in  the  space  that 
can  be  devoted  to  it.  It  was  noted  that, 
in  the  grand  total  of  12(),(X)0  feet  of  sedi- 
mentary accunmlations  found,  the  main 
divisions  of  Archean,  Paleozoic,  Mesozoic, 
and  Cenozoic  were  all  distinctly  outlined  by 
divisional  periods  of  marked  unconformity. 

Considered  as  a  whole,  there  was  a  noteworthy  fullness  in  the  geolog- 
ical column,  none  of  the  important  stratigraphical  time  divisions  being 
wholly  wanting,  excepting  some  of  the  obscure  intermediate  deposits 
which  in  other  localities  have  been  found  lying  between  the  base  of 
the  Cambrian  and  the  summit  of  the  Archean  series. 

From  the  data  furnished  by  Emmons  and  Hague,  and  his  own 
obsei*vations.  King  felt  himself  able  to  reconstruct  with  a  considerable 
degree  of  accuracy  the  topographical  configurations  of  the  Archean 
surface,  and  pictured  with  great  clearness  the  growth  of  that  portion 
of  the  American  continent  included  within  the  area  surveyed.  He 
conceived  that,  at  the  close  of  the  Archean  age,  there  was  a  great 
mountain  system  built  up  of  at  least  two  sets  of  nonconformable 
strata,  referred  to  Laurentian  and  Huronian,  which  was  coextensive 
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with  the  greater  part  of  the  Cordilleras.^    This,  west  of  117^  20', 
formed  a  land  area  and  to  the  eastward  a  sea  bottom,  upon  which  last, 

throughout  the  entire 
Paleozoic  period,  were 
conformably  deposited 
the  gradually  accumu- 
lating detritus  from  the 
land,  brought  down  by 
eastward-flowing  rivers. 
These  Paleozoic  sedi- 
ments he  found  in  the 
region  of  the  Wasatch 
to  be  32,000  feet  in 
thickness,  and  in  the 
extreme  western  limit, 
upward  of  40,000  feet. 

He  divided  the  series 
iiito  four  great  groups: 
The  first,  which  is  pure- 
ly detrital,  being  wholly 
of  Cambrian  age;  the 
second,  a  limestone 
series  of  11,000  feet  in 
thickness,  extending 
from  the  (kmbrian  to 
the  top  of  the  lower  Coal 
Measures,  and  indicat- 
ing a  deep-sea  deposit. 
Succeeding  this  came 
the  Weber  quartzite~a 
purely  siliceous  deposit 
of  from  six  to  ten  thou- 
sand feet  in  thickness — 
followed  by  the  fourth 
group  of  upper  Coal 
Measure  limestone, 
about  two  thousand  feet 
in  thickness.  The  en- 
tire Paleozoic  series  he 
summed  up  as  composed 
of  materials  of  two 
periods  of  mechanically 


«  King  used  the  word  Cordilleras  to  designate  the  entire  series  of  mountain  chains 
bordering  the  Pacific  front  of  North  America,  limiting  the  term  Rocky  Mountains  to 
the  eastern  front  only.  ^  j 
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accumulated  detritus,  interrupted  by  one  and  followed  by  another 
period  of  deep-sea  limestone  formation. 

At  the  close  of  this  great  conformable  period  of  Paleozoic  deposi- 
tion there  were  widespread  mechanical  disturbances.  All  the  thickest 
part  of  the  sediments,  from  the  western  shore  line  eastward  to  and 
including  what  is  now  the  Wasatch,  were  raised  above  the  ocean  level 
to  become  a  land  area.  Ekst  of  the  Wasatch  the  ocean  bottom,  with 
its  Upper  Carboniferous  sediments,  remained  pmctically  undisturbed. 

Contemporaneous  with  or  immediately  succeeding  this  uplift,  the 
old  land  mass  to  the  westward  went  down.  What  was  sea  bottom  had 
become  land,  and  what  was  land  became  sea  bottom.  But  the  new 
land  area  extending  from  the  Wasatch  westward  to  the  Havallah 
range  (long.  117^  30'),  undpr  the  combined  action  of  heat,  cold,  and 
mechani(*al  action  of  the  atmosphere,  began  at  once  to  yield  the 
materials  which,  in  the  form  of  sand  and  silt,  were  carried  west  and 
east  to  be  laid  down,  in  the  tirst-named  instance  on  a  gradually  sink- 
ing Archean  bottom,  until  a  thickness  of  20,000  feet  was  reached,  and 
in  the  last  named,  conformably  upon  a  bottom  of  Upper  Carboniferous 
rocks,  until  some  3,800  feet  had  accumulated. 

At  the  close  of  this  period  of  sedimentation,  which  includes  the 
TriawSsic  and  Jurassic,  the  W^estern  ocean  with  its  twenty -odd  thousand 
feet  of  sediments  underwent  a  sharp  folding  and  uplifting,  whereby 
the  shore  line  was  pushed  outward  as  far  as  the  western  base  of  the 
present  Sierra  Nevadas.  The  force  causing  this  uplifting  acted  tan- 
gentially  and  was  most  severe  in  the  extreme  western  portion,  i.  e., 
the  Sierras,  where,  in  a  belt  of  about  50  miles  width,  the  Triassic  and 
Jurassic  sediments  were  crumpled  and  crowded  together  and  crushed 
into  a  mass  of  almost  undistinguishable  folds.  During  all  this  power- 
ful disturbance  in  the  Western  sea,  the  region  east  of  the  Wasatch 
remained  pmctically  undisturbed,  as  before. 

King's  views  regarding  the  geographic  distribution  of  land  and 
water  during  the  subsequent  period  of  geological  history  were  largely 
in  harmony  with  those  of  Hayden.  During  the  Cretaceous  times  he 
believed  a  Mediterranean  ocean  to  have  stretched  from  the  eastern 
base  of  the  Wasatch  into  Kansas.  Over  the  bottom  of  that  body  of 
water  an  almost  continuous  conformable  sheet  of  Cretaceous  sedi- 
ments was  laid  down,  the  greatest  thickness  of  which  was  against  the 
western  shore  of  the  ocean — that  is,  along  the  base  of  the  Wasatch, 
where  were  found,  conformably  over  the  Jurassic  shales,  about  12,000 
feet  of  Cretaceous  beds. 

With  the  close  of  the  Cretaceous  period  of  sedimentation  the  entire 
area  from  and  including  the  Wasatch,  eastward  as  far  as  the  Missis- 
sippi Valley  was  uplifted,  and  in  its  western  portion  faulted  or  thrown 
into  sharp  or  gently  undulating  folds.  The  immediate  eflfect  of  this 
uplifting  was,  first,  the  development  of  the  broad  level  region  now 
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occupied  by  the  Great  Plains;  secondly,  the  outlining  of  the  basin  of 
the  Vennilion  Creek  (Wasatch)  Eocene  lake;  thirdly,  the  formation 
of  the  distinct  folds  of  which  the  Wasatch  and  Uintas  are  the  most 
prominent  examples;  and  fourthly,  the  relative  upheaval  of  the  old 
Archean  ranges,  with  all  their  superincumbent  load.  The  folds  of 
the  Wasatch  involved  a  confoi'mable  series  of  sti^ata  extending  from 
the  base  of  the  Cambrian  to  the  top  of  the  Cretaceous — in  all,  44,000 

feet  in  thickness.  The 
astonishing  and  almost 
incredible  featureof  the 
case  lies  in  the  fact  that, 
if  King's  ideas  are  to  be 
accepted,  this  stupen- 
dous fold,  together  with 
the  one  of  30,000  feet 
forming  the  Uintas,  was 
not  a  gradual  uplift,  but 
of  sudden  and  necessa- 
rily catastrophic  origin, 
and  that,  before  the 
forces  of  erosion  had  ac- 
complished their  work, 
there  actually  here  ex- 
isted mountain  i*anges 
from  5  to  8  miles  in 
height. "  From  the  date 
of  this  deviation  no  ma- 
rine waters  have  ever 
invaded  the  middle  Cor- 
dilleras, the  subsequent 
strata  being,  as  noted  bj' 
Ha\den,  of  lacustrine 
origin. 

Studying  in  detail  the 
underlying  geology,  in 
connection  with  these 
folds.  King  announced 
the  principle  "that 
wherever  an  Archean  mountain  range  underlay  the  subsequent  sheets 
of  sediment,  there  a  true  fold  has  taken  place;"  and  further,  that 
when  one  observes  "  the  continuity  of  the  strata  across  such  a  valley 

« King's  exact  words  are:  So  that,  since  the  ocean  level  was  banished  to  some- 
where near  its  present  position,  the  fold  itself  (i.  e.,  the  Wasatch)  was  not  less  than 
44,000  feet  in  altitude.  The  Uinta  was  not  so  imposing  a  body,  but  its  summit, 
before  erosion  began,  was  certainly  30,000  feet  above  the  sea  level.     (Systematic 

Geology,    p.    748.)  L^ym^eu  uy   ^_^w^^i^ 


Fig.  112.— Arnold  Hague,  Clarence  King,  Samuel  Franklin 
Emmons. 
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as  that  of  the  Laramie  Plains,  and  then  sees  them  sharply  and  sud- 
denly rise  against  the  foothills  of  the  Archean,  it  becomes  evident  that 
the  entire  area  of  the  Rocky  Mountains  has  suifered  actual  lateral 
compression,  and  that  the  diminution  of  surface  amounts  to  from  6  to 
10  per  cent."  When  he  further  considered  that  the  post-Archean 
sedimentaries  were  to  be  regarded  as  a  mere  thin  covering  over  the 
subjacent  crust,  he  added  that  ''this  diminution  of  area  of  actual 
surface  means  an*  actual  compression  of  the  solid  Archean  shell  of 
the  earth." 

Pursuing  the  same  line  of  thought,  King  noted  that  the  configuration 
of  America  to-day  is  due  to  the  configuration  or  topography  of  the 
pre-Cambrian  continent.  Where  Archean  faults  or  mountain  chains 
existed,  there  were  the  lines  of  weakness  along  which  later  orographic 
movements  made  themselves  manifest.  A  comparatively  thin  coating 
of  sedimentary  beds,  for  illustration,  overlies  the  generally  smooth 
Archean  rocks  of  the  Mississippi  Valley,  and  here  no  subsequent  dis- 
turbances have  taken  place.  On  the  other  hand,  the  high  Archean 
Wasatch  ridges,  which  were  covered  by  10,000  feet  of  sediment  in 
post-Archean  times,  were  again  and  again  uplifted  during  the  subse- 
quent periods  of  disturbance. 

It  was  noted  above  that,  at  the  close  of  the  post-Cretaceous  uplifting, 
the  Wasatch  highland  stood  at  an  elevation  of  upwards  of  40,000  feet. 
Under  such  extraordinary  conditions  rapid  and  intense  erosion  was 
inevitable,  and  in  a  comparativel}'  brief  period,  geologically,  the  Ver- 
milion Creek  Eocene  lake  was  filled  with  sediments  derived  therefrom 
to  a  depth  of  5,000  feet. 

Then  ensued  another  period  of  disturbance,  by  which  the  western 
portion  of  these  Vermilion  Creek  beds  was  upturned,  while  the 
region  to  the  immediate  west,  from  which  their  sediments  had  been 
derived,  was  as  suddenly  depressed,  allowing  the  waters  of  the  lake  to 
extend  themselves  200  miles  westward  into  Nevada. 

Another  series  of  crustal  movements  was  now  inaugurated  in  the 
east,  whereby  the  Great  Plains  land  area  also  underwent  a  subsidence, 
which  was  most  pronounced  along  the  foothills  of  the  Rocky  Moun- 
tains and  gradually  died  out  to  the  eastward.  This  movement  marks 
the  dividing  line  between  the  Eocene  and  the  Miocene  periods.  Con- 
temporaneously with  this  the  entire  Great  Basin  area,  including  por- 
tions of  Washington,  Oregon,  Nevada,  and  California,  lying  to  the 
east  of  the  Sierras  and  the  present  Cascade  Range,  became  depressed, 
and,  receiving  the  drainage  of  the  surrounding  hills  and  mountains, 
was  converted  into  two  large  lakes  which,  throughout  the  Miocene 
period,  were  depositories  of  sediment  from  the  adjacent  land.  Power- 
ful and  profound  crustal  movements  at  the  close  of  the  Miocene  threw 
the  beds  into  folds,  but  did  not  apparently  raise  them  above  the  sur- 
face level  of  the  lake.     Contemporaneously  with  this  movement  tl^ 
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Miocene  lake  of  the  east,  through  the  subsidence  of  the  surrounding 
country,  was  so  increased  as  to  cover  ahnost  the  entire  province  of  the 
Great  Plains. 

The  beginning  of  the  Pliocene  period  found,  then,  two  enormous 
fresh-water  lakes,  the  one  covering  the  basin  country  of  Utah,  Nevada, 
Idaho,  and  eastern  Oregon,  the  other  occupying  the  Plains  province. 
The  period  was  brought  to  an  end  by  crustal  movement  which,  how- 
ever, affected  the  two  areas  quite  differently,  the  sediments  of  the 
(xreat  Basin  area  being  broken  through  the  middle  and  the  halves 
depressed  from  1,000  to  2,000  feet,  while  those  of  the  Plains  were 
bodily  tilted  toward  the  south  and  east. 

The  result  of  the  post-Pliocene  movement  in  the  department  of  the 
Plains  was  to  give  thereafter  a  free  drainage  to  the  sea.  The  result 
in  the  area  of  the  Great  Basin,  on  the  other  hand,  was  to  leave  two 
deep  depressions,  one  at  the  western  base  of  the  Wasatch  and  one  at 
the  base  of  the  Sierra  Nevada,  which  in  Quaternary  times  received  the 
abundant  waters  of  the  Glacial  period  and  formed  the  two  now  nearly 
extinct  lakes  known  as  Lake  Lahontan  and  Lake  Bonneville,  noted 
elsewhere. 

King  was  born  at  Newp)ort,  Rhode  Island,  in  1842,  and  graduated 
from  the  Sheffield  Scientilic  School  in  1862,  being  a  member  of  the 
first  class  to  receive  degrees  from  that  institution.  The  year  following 
his  gmduation  he,  in  company  with  James  T.  Gardner, 
Sketch  of  Kins  joined  an  emigrant  train  starting  from  St.  Joseph,  Mis- 
souri, on  an  overland  trip  to  California.  It  is  stated  that 
it  was  during  this  trip,  at  that  time  a  slow  and  eventful  one,  that  he  con- 
ceived the  idea,  afterwards  carried  into  execution,  of  a  geological  section 
across  the  entire  Cordillemn  system.  Reaching  California,  he  attached 
himself  as  a  volunteer  assistant  to  the  State  survey  of  California,  under 
J.  D.  Whitney.  Later  he  was  connected  with  parties  under  General 
McDowell  in  the  examination  of  the  mineral  resources  of  the  Mariposa 
grant.  It  was  during  this  expedition  that  he  and  his  companion  were 
captured  by  Apaches,  but  were  fortunatel}^  rescued  just  as  the  fires 
were  being  prepared  for  their  torture. 

After  the  civil  war  and  the  pa^ssage  of  the  bill  subsidizing  the  Pacific 
Railroad,  King  recognized  that  the  time  had  come  for  carrying  out 
his  scheme  for  connecting  the  geology  of  the  East  with  that  of  the 
West  and  making  the  cross  section  above  referred  to.  With  this  pro- 
ject in  view  he  went  to  Washington  in  the  winter  of  1866-67,  and  in 
spite  of  the  disadvantage  of  his  youth — being  then  scarcely  25  years 
of  age,  and  still  more  youthful  appearance — he  was  so  successful  in 
impressing  Congress  with  the  importance  of  ascertaining  the  character 
of  the  mineral  resources  of  the  country  about  to  be  opened  that  not 
only  was  a  generous  annual  appropriation  voted,  but  King  was  him- 
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Director  of  l'.  S.  (Jeologlcal  Explorations  of  Fortieth  Parallel. 
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self  placed  in  charge,  subject  only  to  the  administrative  control  of 
Gen.  A.  A.  Humphrey,  as  already  mentioned. 

The  published  results  of  this  survey  we  have  already  reviewed.  As 
described  by  Emmons,  from  whose  sketch  most  of  what  is  here  given 
of  the  personal  history  of  King  is  quoted,  "probably  no  more  masterly 
summary  of  the  great  truths  of  geology  had  been  made  since  the  pub- 
lication of  LyelFs  Principles."  Making  due  allowance  for  the  enthu- 
siasm of  one  who  was  an  associate  and  warm  personal  friend,  attention 
need  only  be  called  to  the  fact  that  the  entire  work  was  consummated 
before  its  author  saw  his  fortieth  birthday,  to  establish  once  and  for  all 
King's  fame  as  an  organizer  and  geologist. 

Aside  from  the  publications  under  this  survey,  King's  bibliography 
contains  few  titles,  but  this  may  mean  simply  that  neither  ink  nor 
words  were  wasted.  In  1877  he  delivered  an  address  at  the  thirty-first 
anniversary  of  the  Sheffield  Scientific  School  on  Catastrophism  and  the 
Evolution  of  Environment,  which  Emmons  characterized  as  a  ''pro- 
test against  the  extreme  uniformitarianism  of  that  day."  It  was 
naturally  based  largely  on  his  Fortieth  Parallel  work.  This  uniform- 
itarianism he  described  as  "the  harmless  undestructive  rate  (of  geo- 
logical changes)  of  to-day  prolonged  backward  into  the  deep  past." 
He  contended  that  while  the  old  belief  in  catastrophic  changes  had 
properly  disappeared,  yet  geological  history,  as  he  read  it,  showed 
that  the  rate  of  change  had  not  been  uniform,  as  was  claimed  by  the 
later  school.  He  believed  rather,  as  a  result  of  his  own  observations, 
that  at  certain  periods  in  geological  history  the  rate  of  change  had 
been  accelerated  to  such  a  degree  that  the  eifect  produced  upon  life 
was  somewhat  catastrophic  in  its  nature. 

One  act  in  King's  professional  career  should  be  here  referred  to, 
al^ough  the  story  has  often  been  told.  It  will  be  remembered  that  in 
1872  there  was  made  a  rep)orted  discovery  of  a  diamond  field  in  south- 
ern Arizona  within  an  area  that  had  been  gone  over  in  the  course  of 
the  work  of  the  Fortieth  Parallel  Sui-vey.  King,  for  purely  scientific 
purposes,  undeiix>ok  a  study  of  the  region,  with  the  purpose  of  dis- 
covering something  regarding  the  matrix  and  the  origin  of  the  dia- 
mond. He  discovered,  rather,  that  the  whole  matter  was  a  stupendous 
fraud;  that,  so  far  from  there  being  a  diamond  mine,  the  ground  had 
been  "salted."  So  soon  as  this  discovery  was  made  King  started  for 
San  Francisco,  traveling  night  and  day,  that  he  might  outstrip  all  other 
possible  sources  of  information.  On  his  arrival  he  at  once  visited  the 
offices  of  the  directors  of  the  company  organized  for  the  selling  of 
stock,  and  demanded  peremptorily  that  all  issues  should  be  stopped. 
To  a  suggestion  that  his  announcement  of  the  fraudulent  nature  of  the 
claim  be  delayed  temporarily,  he  replied:  "There  is  not  money  enough 
in  the  Bank  of  California  to  induce  me  to  delay  this  announcement  a 
single  hour."    And  it  was  not  delayed.  ^  j 
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By  those  who  knew  him,  King  Is  described  as  a  man  of  rare  charm 
of  mannM',  cheerful  and  courteous  disposition,  with  interests  broad  as 
civilization  and  sympathies  catholic  as  humanity.  A  man  of  remark- 
ably robust  physique,  he  yet  broke  down  almost  in  the  prime  of  life, 
and  died  of  consumption  in  1901. 

IT.  S.  (tEOUKtICAL  SURVP:YS  west  of  the  lOOTH   MERIDIAN  UNDER 
LIEUT.  G.  M.  WHEELER. 

la  1869  Lieut.  G.  M.  Wheeler,  of  the  United  States  Engineers,  was 
authorized  to  undertake  a  military  reconnoissance  for  topographi«al 
purposes  in  southwest  Nevada  and  western  Utah.  No  geologist  accom- 
wheeier'f  survevf  P*!"^^^  the  party  until  1871,  the  work  being  purely 
wSidTin'^**^  topographical.  In  the  last-named  year  G.  K.  Gilbert 
1869-1879.  y^^^  appointed  chief  geologist,  serving  through  three 

field  seasons,  with  A.  li.  Marvine,  assistant  in  1871,  and  E.  E.  Howell, 
in  1872-73.     J.  J.  Stevenson  served  as  geologist  with  one  of  the  parties 

in  1873,  Jules  Marcou  in  1875,  A.  K.  Conk- 
ling  in  1875-1877,  and  J.  A.  Church  in  1877. 
In  1878-79  St^^venson  was  again  attached  to 
'the  survey,  with  I.  C.  Russell  as  assistant. 
Oscar  Loew  serveil  as  minemlogical  assistant 
during  1871-1875,  and  E.  1).  Cope  as  verte- 
brate paleontologist  in  1874. 

The  invertebrate  paleontological  collec- 
tions made  by  all  of  the  parties  were  work€?d 
u])  by  Dr.  C.  A.  White,  then  connected  with 
Bowdoin  College,  after  a  preliminary  ex- 
amination by  F.  B.  Meek.  The  results  of 
the  geological  work  appeared  in  the  form  of 
two  (juarto  volumes,  the  first,  of  681  pages, 
in  1875;  and  the  second,  of  420  pages,  in 
1881 — the  latter  with  an  appendix  by  Doctor  White,  comprising  36 
pages  of  text  and  2  phites  of  fossils.  The  paleontological  report 
proper,  comprising  the  work  of  both  Cope  and  White,  appeared  under 
date  of  1877,  a  quarto  volume  of  599  pages  and  83  plates  of  fossils. 

The  first  vertebmte  fossils  from  the  western  Triassic  were  described 
in  this  report,  the  materials  having  been  obtained  by  Professor  New- 
berry when  attached  to  the  Macomb  expedition  in  1855. 

Gilbert  applied  the  naifies  Basin  liange  system  and  Basin  Ranges  to 
all  that  systc^m  of  short  mountain  ridges  sepamted  by  trough- like 
valleys  which  lie  west  of  the  plateau  system,  though  not  quite  coin- 
cident with  the  Great  Basin  itself.  This  l)asis  system  of  mountain 
uplift  he  regarded  as  due  mainly  to  faulting  and  tilting,  in  this  respect 
ditiering  with  the  geologists  of  the  Fortieth  Parallel  Survey,  who 


Fio.  113.-^rove  Karl  Gilbert. 
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regarded  the  primary  features  as  due  to  folding,  the  now  evident 
faulting  being  a  phase  of  late  Tertiary  or  post-Tertiary  time.**  He 
noted  that  the  ranges  were  parallel,  recurring  at  regular  intervals  and 
of  only  moderate  dimensions;  further,  that  the  ridges  of  the  system 
occupied  loci  of  upheaval,  and  were  not  residua  of  denudation;  and 
that  the  valleys  were  not  valleys  of  erosion,  but  mere  intervals 
between  the  lines  of  maximum  uplift. 

He  dwelt  in  considerable  detail  upon  the  phenomena  of  erosion  by 
wind-blown  sand  and  silt-laden  streams,  and  discussed  the  glacial 
phenomena  and  the  conditions  attending  the  drying  up  of  the  great 
inland  lakes,  applying  the  name  Lake  Bonneville,  in  honor  of  Captain 
Bonneville,  the  explorer,  to  the  great  body  of  fresh  water  that  once 
occupied  Sevier  and  Salt  Lake  valleys  and  of  which  the  present  bodies 
of  salt  water  bearing  these  latter  names  are  but  the  tiny  residuals. 
Those  great  bodies  of  water,  which  obviously  could  have  existed  only 
under  conditions  of  climate  quite  diiferent  from  those  of  to-day,  he 


Etut 

Fio.  114.— Section  of  the  Pahranagat  range  at  Silver  Canyon.    (After  G.  K.  Gilbert.)    Scale,  1-72000. 
Base  line=level  of  Great  Salt  Lake.    Q,  Quartz  Peak;  S,  Sanders  Cailon. 

believed  to  be  coeval  with  the  Glacial  period  of  the  northeastern  States. 
He  found,  however,  no  counterpart  in  this  region  of  the  general 
glaciation  of  the  eastern  States,  though  there  were  local  glaciers  high 
upon  the  flanks  of  the  mountains. 

The  abundant  volcanic  phenomena  presented  by  the  region  were  dis- 
cussed in  considemble  detail  and  the  recency  of  many  of  the  lava  flows 
noted^  the  conclusions  arrived  at  being  to  the  eifect  that  while  ''  we 
are  not  merely  permitted  to  think  of  a  renewal  of  that  activity  as  pos- 
sible    *     *  we  are  logically  compelled  to  regard  it  as  probable." 

The  geological  history  of  the  basin  region  as  read  by  Gilbert  was  to 
the  eftect  that  the  area  was  depressed  below  sea  level  from  the  close  of 

o  In  Chapter  VII  of  the  volume  on  Mining  Industry  (V^ol.  Ill,  Report,  40tli  Parallel 
Survey,  1873)  King  refers  incidentally  to  these  mountains  as  the  tops  of  folds  whose 
deep  synclinal  valleys  are  filled  with  Tertiary  and  Quaternary  detritus.  Just  how 
fully  the  problem  may  have  been  worked  out  in  his  own  mind  at  that  time  is  not 
apparent,  but  in  1878,  after  the  appearance  of  Gilbert's  monograph,  he  expressed 
the  opinion  noted  above.  The  entire  subject,  it  may  be  stated,  was  gone  over  by 
J.  E.  Spurr  in  a  paper  read  before  the  Geological  Society  of  America  in  1900  (see 
Bull.  Geol.  Soc.  Amer.,  XII,  pp.  217-270),  and  the  matter  rediscussed  at  the  winter 
meeting  of  the  same  society  in  Washington  in  1902.  The  prevailing  opinions  there 
expre«<ed  were  in  accordance  with  the  views  put  forward  by  (iilbert  in  1876. 
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Fig.  115.— Ed>vln  Eugene  Howell. 


the  Archean  period  until  late  Carbonifergus.  From  the  close  of  the 
Carboniferous  to  the  beginning  of  the  Cretaceous  a  great  area,  includ- 
ing the  entire  plateau  country,  was  covered  by  the  waters  of  an  inland 
sea  entirely  cut  off  from  the  main  ocean.     Only  once  did  the  sea  regain 

a  temporary  sway,  bringing  with  it  a  Juras- 
sic fauna  and  then  retreating.  Throughout 
the  Cretaceous  age  the  plateau  country  was 
the  scene  of  a  shallow  ocean,  the  shores  of 
which  were  ever  advancing  and  receding. 
Through  the  upraising  of  some  remote  bar- 
rier the  ocean  was  permanently  shut  out  and 
the  inland  sea  gradually  ex)nverted  into 
an  immense  fresh-water  lake,  and  finally 
drained  till  the  whole  region  became  ter- 
restrial. Since  the  expulsion  of  this  sea 
the  elevation  of  the  continent  which  caused 
it  has  continued,  and  the  plateau  country, 
which  from  early  Silurian  to  late  Cretaceous 
times  was  slowly  sinking  to  an  extent  of 
not  less  than  8,000  feet,  has  been  bodily  uplifted  to  its  former 
altitude. 

Gilbert  called  attention  to  the  almost  entire  absence  of  Upper  Silu- 
rian and  Devonian  fossils  in  the  region,  and  described  the  volcanic 
necks  or  plugs  as  vestiges  of  the  flues  through  which  the  eruptions 
reached  the  surface,  the  last  contents  con- 
gealing in  the  flue  to  be  subsequently  ex- 
posed by  erosion. 

A.  R.  Marvine,  who  was  attached  to  the 
party  in  1871  as  an  astronomical  assistant, 
was  later  detailed  for  geological  work,  his 
report  on  the  region  between  Fort  Whipple, 
New  Mexico,  and  Tucson,  Arizona,  occupy- 
ing pages  191-225  of  the  third  volume. 

E.  E.  Howell,  as  a  member  of  the  survey 
during  1872-73,  worked  throughout  the  first 
season  in  western  Utah  and  eastern  Nevada 
and  the  plateau  region  of  central  Nevada. 
In  1873  he  once  more  entered  the  plateau 
country  and  continued  upon  it  to  Arizona 
and  New  Mexico.  His  report  is  included  in  pages  227-3(X)  of  the 
same  volume. 

The  party  to  which  J.  J.  Stevenson  was  attached  as  a  geologist  was 
assigned  in  1873  to  work  in  southern  Colorado,  the  region  including 
portions  of  the  drainage  areas  of  the  South  Platte,  Arkansas,  Rio 
Grande,  San  Juan,  Grand,  and  Gunnison  rivers.  C^r^r^n]^ 
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Stevenson  devoted  considerable  attention  to  a  discussion  of  the  geo- 
logical age  of  the  Colorado  lignites,  which  he  regarded  (Lesquereux 
to  the  contrary,  notwithstanding),  as  Cretaceous.  He  agreed  with 
J.  L.  Le  Conte  in  regarding  the  Rocky  Mountains  as  not  the  product 
of  one  upheaval,  nor  the  several  axes  wholly  synchronous  in  origin. 
The  first  great  epoch  of  accelerated  disturbance  in  the  Rocky  Mountain 
region,  resulting  in  the  permanent  elevation  of  the  surface,  he  thought 
to  have  been  synchronous  with  that  during  which  the  Appalachian 
chain  was  completed.  Further,  that  the  second  epoch  of  elevation 
began  toward  the  close  of  the  Triassic.  This  was  followed  by  a  period 
of  subsidence  during  which  the  Cretaceous  beds  were  laid  down,  a 
third  period  of  uplift  marking  the  close  of  the  Cretaceous.  During 
this  latter  period  volcanic  agencies  were  in  a  state  of  intense  activity, 
and  a  vast  sheet  of  lava,  two  to  three  thousand  feet  in  thickness,  flowed 
out  over  the  whole  region  of  the  Grand  and  Gunnison  rivers.  During 
the  Tertiary  period  still  another  elevation  took  place,  sufficient  to  give 
the  rocks  of  that  age  a  dip  of  some  6  degrees. 

In  his  report  of  the  work  for  1879  Stevenson  discussed  in  consider- 
able detail  the  relations  of  the  Laramie  group,  which  he  regarded  as 
but  the  upper  part  of  Hayden's  Fox  Hill  group — that  is,  of  very  late 
Cretaceous  age.  He  felt  that  there  was  no  doubt  but  that  the  coal 
fields  of  the  Galisteo  are^  and  of  southern  Colorado  were  of  precisely 
the  same  age  as  those  of  northern  Colorado  and  Wyoming. 

THE    UNITED    STATES    GEOLOGICAL    AND   GEOGRAPHICAL  SURVEYS 

UNDER  J.  W.  POWELL. 

J.  W.  Powell's  first  observations  on  the  geology  of  the  Uinta  Moun- 
tains were  made  in  1869,  when  engaged  in  his  famous  exploration  of 
the  Grand  Canyon,  already  noted.  In  1871,  1874,  and  1875  he  again 
PoweU'fOeoioffy  visitcd  the  plateau  region,  the  last  year  being  accom- 
MountaJnt'  panicd  by  Dr.  C.  A.  White.     The  results  of  these  later 

1874-75.  years  of  exploration  are  given  in  the  quarto  mono- 

graph on  the  Geology  of  the  Eastern  Portion  of  the  Uinta  Mountains, 
published  in  1876.  This  comprised,  all  told,  218  pages,  with  a  large 
folio  atlas. 

The  expedition  of  1875  and  those  of  the  intervening  years  until  1880 
were  made  under  the  authority  of  the  Department  of  the  Interior,  the 
organization,  with  Powell  as  director,  being  known  as  the  second 
division  of  the  U.  S.  Geological  and  Geographical  Survey  of  the  Terri- 
tories. In  1877  the  name  was  changed  to  the  U.  S.  Geographical  and 
Geological  Survey  of  the  Rock}^  Mountain  Region. 

In  none  of  the  early  Powell  surveys  was  an  attempt  made  at  system- 
atic areal  work.  Certain  striking  and  well-exemplified  features  were 
selected  and  made  the  subject  of  special  monographs.  In  the  work 
of  1876,  above  noted,  Powell  divided  the  region  west  of  the  Great 


620 


REPORT    OF   NATIONAL    MUSEUM,  1904. 


Plains,  east  of  the  Sierra  Nevada,  and  south  of  the  North  Platte,  Sho- 
shone, and  Sweetwater  rivers  into  what  he  designated  as  geological 
provinces — the  Park  Province,  the  Plateau  Province,  and  the  Basin 
Province. 

The  first  named  he  described  as  characterized  by  broad,  massive 
ranges,  sometimes  distinct  and  sometimes  coalescing,  so  as  to  include 
the  great  parks.  The  mountains  comprise  high,  lofty,  snow-clad 
peaks  which  form  perennial  reservoirs  for  the  multitude  of  streams 
discharging   in  part  into   the   Colorado   River  and  thence  into  the 

Gulf  of  California,  and 
in  part  into  the  Rio 
Grande  and  thence 
into  the  Gulf  of  Mex- 
ico. 

The  Plateau  Prov- 
ince he  described  as 
characterized  by  many 
tables  bounded  by  can- 
yon and  diflf  escarp- 
ments, and  on  which 
stand  lone  mountains 
and  irregular  groups 
of  mountains  and  short 
ranges.  This  region 
drains  almost  wholly 
into  the  Colorado 
River. 

The  Basin  Province 
was  chai'acterized  by 
short  north-and-south 
mountain  i*anges  and 
ridges  separated  by 
desert  valleys,  and  with  a  drainage  which  is  almost  wholly  into  the 
interior  salt  lakes  and  sinks. 

Devoting  himself  mainly  to  the  Uintas,  he  showed  that  they  owed 
their  present  configuration  to  the  degradation  of  a  great  upheaved 
block  having  its  axis  in  an  east-and-west  direction.  This  upheaval, 
which  he  thought  took  place  very  slowly  and  gradually,  began  at  the 
close  of  Mesozoic  time  and  continued  with  slight  intermissions  until 
late  Cenozoic.  The  total  amount  of  upheaval  in  the  axial  region  was 
more  than  30,000  feet.  Contemporaneously  with  upheaval  the  forces 
of  degradation  were  at  work,  though  not  at  the  same  rate  of  progress, 
along  the  axial  line  of  uplift,  the  degradation  amounting  to  more  than 
25,000  feet  (4f  miles),  and  the  mean  degradation  to  3i  miles;  so  that 
over  the  entire  area  of  about  2,000  square  miles  some  7,100  cubic 
miles  of  rock  material  have  been  removed.  L.,y,u^«u  uy  ^^^^^^^ 


FiQ.  117.— Showing  area  surveyed  and  mapped  by  the  Powell  8ur- 
vey  in  187.V80. 
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During  the  years  1874,  1875,  and  1876  Capt.  Clarence  E.  Dutton,  of 
the  Ordnance  Department,  U.  S.  Army,  made,  under  direction  of  the 
Powell  survey,  further  studies  in  the  plateau  region  which  had  already 
received  attention  from  Powell,  Newberry,  and  others, 


Dattofl's  Work  on 
the  High  PI 

1874-r876. 


the  Hiffh  Ptateatw,     as  previously  noted.     Dutton's  monograph — a  Report 


on  the  Geology  of  the  High  Plateaus  of  Utah,  a  quarto 
volume  of  307  pages,  with  an  atlas — appeared  under  date  of  1880. 
The  particular  territory  studied  by  Dutton  lay  in  Utah,  occupying  a 
belt  of  country  extending  from  a  point  about  15  miles  east  of  Mount 
Nebo,  in  the  Wasatch,  south-southwest  for  about  175  miles,  and  having 
a  breadth  of  from  25  to  80  miles — a  total  area  of  some  9,000  square 
miles. 

As  was  the  cB,se  with  Powell,  as  indeed  must  here  be  the  case  with 
every  observing  man,  Dutton  was  impressed  with  the  evident  signs  of 
the  vast  amount  of  erosion  which  the  country  had  undergone  within 
comparatively  recent  geological  times.  Not- 
ing that  from  an  area  of  10,000  square  miles 
from  6,000  to  10,0(X)  vertical  feet  of  strata 
have  been  removed,  he  fell  to  speculating  on 
the  probable  effect  upon  the  earth's  equilib- 
rium of  such  a  transference  of  materials. 
If  the  slow  accumulation  of  great  masses  of 
sediment  on  sea  bottoms  brings  about  a 
gradual  subsidence,  why  should  not,  he 
argued,  the  i*emoval  of  a  like  load  from  any 
land  area  result  in  a  corresponding  uplift 
or  elevation.  Thus,  for  the  second  time  in 
the  history  of  American  geology,  was 
broac*hed  the  now  well-known  subject  of 
isostacy.  (See  p.  499.)  This  great  erosion, 
it  is  well  to  note,  he  regarded  as  having  taken  place  mainly  in  Miocene 
time,  though  continuing  on  into  Pliocene. 

He  not^d  that  the  great  structural  features  of  the  high  plateaus  were 
due  to  faults  and  monoclinal  flexures;  also  that  the  one  form  of  dis- 
placement passed  continually  into  the  other — that  what  is  here  a  simple 
fault  passed  by  subdivision,  but  a  few  miles  farther  along  in  its  course, 
into  what  he  designated  as  step  faults,  and  still  farther  on  into  unbroken 
anticlinals.  All  of  these  grander  displacements  belonging  to  the  same 
sj^stem  he  regarded  as  having  their  commencement  in  the  latter  part 
of  Pliocene  times. 

The  great  amount  of  volcanic  activity  evident  received  attention, 
the  most  ancient  dating  back  to  Eocene  times.  The  character  of  the 
volcanic  products  was  studied  and  the  various  lavas  classified  as  (1) 
propylite,  (2)  andesite,  (3)  trachyte,  (4)  rhyolite,  and  (5)  basalt, 
named  here  in  order  of  their  extrusion.     The  facts,  as  a  whole,  in  this 


Fig.  118.— Clarence  Edwarrl  Dutton. 
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region  he  believed  to  be  confirmatory  of  Richthofen's  law  of  the 
sequence  of  volcanic  rocks.*  He  noted  his  objections  to  the  German 
method  of  rock  classification  based  upon  geological  age. 

In  1876  G.  K.  Gilbert,  then  a  member  of  Major  Powell's  corps,  made 
a  study  of  the  Henry  Mountains  of  Utah.     His  report  appeared  in 

1877  in  the  form  of  a  quarto 
volume  of  160  pages,  with  five 
^..^    .  «r  -- .    ..    folding  plates,  and 

Heory  Moaatains,  numerOUS  piatCS 
1875-1877.  *: 

and  figures  m  the 
text.  In  this  he  showed  that  these 
mountains  were  due  to  the  intru- 
sion from  below  of  igneous  mat- 
ter through  Carboniferous  and 
Triassic  strata,  causing  the  over- 
lying Cretaceous  and  Tertiary 
beds  to  arch  or  bulge  upward, 
the  present  aspect  of  the  moun- 
tains having  resulted  from  erosion, 
whereb}'  the  overlying  bulged 
beds  and  a  portion  of  the  igneous 
rocks  as  well  were  cut  away. 
Phenomena  of  this  type  had  been 
previously  noted  by  Holmes, 
Peale,  and  Marvine,  of  the  Hay- 
den  Survey  (pp.  601, 602),  but  it  re- 
mained for  Gilbert  to  fully  elabor- 
ate the  idea,  and  that  in  a  man- 
ner that  must  ever  connect  it  with 
his  name.  To  intrusions  of  this 
type  he  gave  the  name  of  lacco- 
lites. 

In  this  report  Gilbert  showed 
that,  in  the  uplifting  of  the  sand- 
stone to  form  these  domes,  the 
beds,  as  in  the  case  of  that  of  the 
Vermilion  Cliff  sandstone,  might 
be  elongated  as  much  as  300  feet 
in  a  distance  of  three  miles.  That  this  could  be  done,  and  that  sud- 
denly, he  believed  to  be  due  to  the  pressure  of  the  overlying  beds. 
The  material  was  in  a  quasi  plastic  condition,  and  no  fissures  could 
be  opened  unless  coincidently  filled  by  some  material  which  would 

« Richthofen  divided  the  Tertiary  and  post-Tertiary  volcanic  rocks  into  the  five 
classes  given  above,  and  regarded  them  as  having  been  the  product  of  a  regular 
sequence  of  eruptions,  propylite  being  the  most  ancient  and  basalt  the  most  recent 


Fig.  119.— Laccolites.    (After  G.  K.  Gilbert.) 
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John  Wesley  Powell. 

Director  of  U.  S.  Geographical  and  Geological  Survey  of  the  Rocky  Mountain  Regions. 
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resist  the  tendency  of  the  walls  to  flow  together.  This  consideration 
led  him  to  the  conclusion  that — 

just  as  for  each  rock  there  is  a  crashing  weight,  so  there  is  for  each  rock  a  certain 
depth  at  which  it  can  not  be  fissured. 

Applying  this  principle  to  faults  and  fissure  veins  he  concluded  that — 

if  the  fault  extend  to  a  great  depth  it  will  finally  reach  a  region  where  the  hardest 
rocks  which  it  separates  are  coerced  by  so  great  a  pressure  that  they  can  not  hold  them- 
selves asunder,  but  are  forced  together  before  the  fissure  can  be  fille<i  by  mineral 
deposits.    Thus,  there  is  a  definable  inferior  limit  to  the  region  of  vein  formation. 

This  the  present  wnter  believes  to  be  the  first  time  the  doctrine  of 
rock  flowage  was  put  forth  in  America  and  by  an  American. 

The  matters  of  instability  of  drainage  lines,  planation,  and  formation 
of  river  terraces  were  discussed,  and  it  was  shown  that  Hitchcock's  idea 
of  the  formation  of  river  terraces  by  succ*essive  periods  of  sedimentation 
(p.  462)  was  erroneous,  such  in  fact  being  but  the  recorded  stages  of 
progressive  erosion.  In  this  work  Gilbert  used  the  terms  conHeqmnt^ 
antecedents  and  Huperlmposed  as  introduced  by  Powell,  and  showed  that 
the  drainage  of  the  Henry  Mountains,  while  as  a  whole  consequent, 
was  not  so  in  all  of  its  details. 

The  igneous  rocks  of  the  mountains  were  studied  microscopically  by 
Capt.  C.  E.  Dutton,  who  classed  them  as  trachytes. 

Powell  was  born  of  English  parentage  in  Mount  Morris,  New  York, 
March  24,  1834,  and  died  September  23,  1902.  From  childhood  he 
manifested  a  deep  interest  in  all  natural  phenomena  and  early  gave 
evidence  of  that  bold  and  self-reliant  spirit  which 
Sketch  of  Poweu.  in  later  years  found  vent  in  his  hazardous  explora- 

tion of  the  Grand  Canyon  of  the  Colorado.  Vigor- 
ous, impetuous,  and  sometimes  intolerant  of  the  opinions  of  others, 
he  made  warm  friends  and  strong  enemies.  Rising  from  obscurity, 
without  university  tmining,  indeed  almost  wholly  self-taught,  to 
become  a  bold  and  aggressive  thinker,  and  finally  the  head  of  the  U.  S. 
Geological  Survey  in  1881,  it  is  little  to  be  wondered  at  that  he  became 
for  man}'  a  target  for  sneers  as  w^ell  as  an  object  of  envy.  But  how- 
ever much  men  may  differ  as  to  the  value  of  his  individual  work  in 
the  geological  as  well  as  ethnological  field,  no  one  will  for  a  moment 
question  that  it  was  through  his  efforts  that  others  were  given  the 
opportunity  to  carve  out  their  own  immortality.  Upon  his  success  as 
an  administrator  his  fame  may  safely  rest. 

After  his  retirement  from  the  Survey  in  1894  Powell  limited  him- 
self mainly  to  abstruse  psychological  problems  and  the  direc^torship 
of  the  Bureau  of  American  Ethnology,  which,  it  should  be  said,  he 
had  been  largely  instrumental  in  founding  in  1880. 

Powell  served  with  gallantry  during  the  civil  w^ar,  rising  to  the 
rank  of  major  of  artillery.  He  lost  his  right  arm  at  the  battle  of 
Pittsburg  Landing.  ^.g,.^^,  .^  GoOglc 
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As  early  as  1874  the  question  of  the  advisability  of  consolidating 

the  various  geological  and  geographical  surveys  west  of  the  Mississippi 

was  considered  by  a  committee  of  the  public  lands,  to  which  Congress 

had  referred  a  message  of  the  President  of  the  United 

Consolidation  of  all  ,      .  ,  ° 

theOeoiofficai  States  relating  to  the  matter.     The  committee  made 

exhaustive  investigations,  receiving  testimori}^  from 
many  interested  parties,  and  undoubtedly  a  strong  effort  was  made  to 
have  the  surveys  conducted  under  the  direction  of  the  United  States 
Army.  In  opposition  to  this  was  successfully  arrayed  almost  the 
unanimous  opinion  of  the  scientific  and  professional  men  of  the 
country.  In  1878  the  matter  was  again  brought  up,  with  the  result 
of  consolidating  all  of  the  various  surveys  under  the  U.  S.  Geologi- 
cal Survey,  of  which  Clarence  King  was  appointed  director  in  1879. 
Mr.  King,  however,  held  the  oflSce  but  a  single  year,  resigning  in 
favor  of  Maj.  J.  W.  Powell. 


[  ' 
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Fig.  120.— Packing  flour. 
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The  Moody  Footmark  Quarry,'  South  Hadley,  Massachusetts. 
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CHAPTER   VIIT. 

THE  FOSSIL  FOOTPRINTS  OF  THE  CONNECTICUT  VALLEY. 

In  the  American  Journal  of  Science  for  1886  Prof.  Edward  Hitch- 
cock described  a  series  of  fossil  footprints  ocxjurring  in  the  sandstone 
of  the  Connecticut  Valley,  attention  to  which  had  been  called  by  Dr. 
James  Deane,  of  Greenfield,  the  latter's  notice  having  been  first 
directed  to  them  by  a  Mr.  Dexter  Marsh,  of  Deertield,  who  found 
them  among  some  flagstones  being  laid  in  front  of  his  house.  Deane, 
who  was  a  practicing  physician,  was  quick  to  realize  their  geological 
interest  and  apparently  also  recognized  his  own  inability  to  do  the 
matter  justice,  and  so  referred  them  to  Doctor  Hitchcock. 

Those  first  found  were  from  a  quarry  in  Montague;  later  finds  were 
made  at  the  so-called  Lily  Pond  quarry  at  Turners  Falls,  a  quarry 
which  has  yielded  in  the  past  and  still  occasionally  yields  the  finest 
examples  yet  produced.  Hitchcock  described  and  figured  tracks  which 
he  regarded  as  having  been  made  by  as  many  as  seven  different  species 
of  animals.  His  conclusions  regarding  their  origin  were,  first,  that 
they  were  all  the  impressions  of  biped  animals;  second,  that  they  could 
not  have  been  m;ide  by  any  known  biped  except  birds,  and  third  that 
they  well  corresponded  with  the  tracks  of  birds  in  having  the  same 
ternary  division  of  the  feet,  with  frequently,  and  perhaps  always,  the 
toes  terminated  with  claws,  as  do  birds.  To  these  supposed  bird  tracks 
he  gave  the  name  Oi^nithicKniteH  (from  opvU  and  rlxyoa)^  signifying 
stony  bird  tracks.  Five  years  of  further  examination  enabled  him  to 
swell  the  list  of  species  to  27,  which  were  described  and  figured,  natural 
size,  in  his  final  report  on  the  geology  of  Massachusetts,  1841. 

Up  to  this  last  date  he  had  found  no  certain  evidence  that  any  of  the 
tracks  were  made  by  quadrupeds,  yet  a  considerable  proportion  of 
them  bore  so  strong  a  resemblance  to  saurian  reptiles  that  he  denomi- 
nated them  muroidichmteH^  or  tracks  resembling  those  of  saurians, 
intending,  however,  by  the  term  merely  to  convey  an  intimation  that 
they  might  prove  reptilian.  To  the  others  he  now  applied  the  name 
oryiitholdichnlteH^  or  tracks  resembling  those  of  birds.  To  animal 
tmcks  of  all  kinds,  and  of  whatever  nature  he  proposed  the  general 
name  ichnolites. 

At  the  April  meeting,  1842,  of  the  American  Association  of  Geolo- 
gists, Hitchcock  brought  the  matter  up  once  more,  describing  five 
new  species,  one  of  which,  O.  tnherom^  from  Pompton,  New  Jersey, 
was  the  first  thus  far  found  outside  of  the  Connecticut  Valley^  j 

NAT   MU8   1904 40  "'^' '^^^  ^^  ^SP8^^ 
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In  this  same  paper  he  also  announced  the  finding  of  tracks  which 
afforded  the  first  "certain  evidence  that  anj^  of  the  numerous  tracks 


upon  the  sandstone  of  the  Connecticut  Valley  were  made  by  a  quad- 
ruped,'' though  he  had  suspected  that  such  might  he  the  case.  These 
probable  quadrupedal  tracks  he  described  under  the  name  Sauroidich' 
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nites  dev'eyt^  and  it  was  suggested  that  they  were  comparable  with  the 
Cheioth^^rimn^  an  amphibian  found  in  the  European  Keuper  beds 
(Tria«.sic).  This  discovery,  naturally,  raised  again  the  question  as  to 
the  possible  quadrupedal  nature  of  the  others  described,  but,  with 
characteristic  conservatism,  he  still  refrained  from  committing  him- 
self, simpl}^  noting  that  it  would  be  "contrary  to  the  cautious  spirit 
of  science''  to  decide  on  the  evidence  then  at  hand  as  to  their  exact 
nature,  and  he  therefore  adhered  to  the  course  adopted  in  his  previous 
report,  and  classified  all  under  the  name.s  as  ornithoidichnites  and 
sou  raid  IcJmites^  as  before. 

It  is  scarcely  necessary  to  remark  that  the  discovery  of  these  tracks 
excited  a  very  lively  interest  both  at  home  and  abroad,  and  references 
and  suggestions  regarding  them  multiplied  in  the  geological  literature 
of  the  day.  Thus,  in  the  American  Journal  of  Science,  XLV,  1843, 
under  the  title  of  Ornithichnites  of  the  Connecticut  River  Sandstones 
and  the  Dinornis  of  New  Zealand,  we  find  given  the  opinions  of 
Deane,  Hitchcock,  Mantell,  and  Richard  Owen  regarding  their  nature. 
Deane,  in  a  letter  to  Doctor  Mantell,  of  London,  had  written: 

Thene  l)eautiful  fossils,  indicatinj;  a  high  grade  of  animal  existence  in  a  period  of 
the  earth  so  immensely  remote,  may  well  be  regarded  among  the  wonders  of  paleon- 
tologieal  s<uence.  *  *  *  That  the  footsteps  of  the  Connecticut  River  are,  how- 
ever, the  authentic  traces  of  extinct  birds  is  confirmed  by  the  undeviating  compari- 
sons they  bear  to  living  nature. 

He  wrote  further  of  referring  these  footprints,  as  discovered  by 
himself,  to  Professors  Silliman  and  Hitchcock,  both  of  whom  admitted 
the  plausibility  of  his  statements,  yet  remained  incredulous  as  to  the 
inferences  drawn  until  accurate  models  were  submitted  to  them,  when 
Professor  Hitchcock  had  pronounced  his  unqualified  conviction  that 
the  footprints  were  those  of  birds.  Doctor  Mantell  in  his  reply  to 
Doctor  Deane  seems  to  have  himself  accepted*  the  opinion  of  their 
bird-like  nature,  and  stated  further  that  at  first  l)oth  Professors  Owen 
and  Murchison  were  in  doubt  as  to  whether  thc}^  were  made  by  birds 
or  reptiles.  Mr.  Lyell,  however,  stated  his  conviction  that  they  were 
genuine  wv/  !th  !ch n  itcH,  Later,  Professor  Murchison,  after  considering 
the  enormous  size  of  the  tracks  which  must  have  been  made  by  the 
New  Zealand  moas,  "•'  confcvssed  that  the  gigantic  bones  from  New 
Zealand,  evincing  as  they  did  most  unequivocall}^  the  existence  even 
in  our  own  times  of  birds  as  large  as  any  required  by  the  American 
footmarks,  had  removed  his  skepticism,  and  that  he  had  no  hesitation 
in  declaring  his  belief  that  the  ornlthlchnlUH  had  l)een  produced  by 
the  imprints  of  the  feet  of  birds  which  had  walked  over  the  rocks 
when  in  a  soft  and  impressible  state."  ''An  opinion,"  adds  Mantell, 
''in  which  I  entirely  concur." 

Dr.  Richard  Owen,  too,  in  a  letter  to  Professor  Silliman,  under  date 
of  March  16,  1843,  after  calling  attention  to  the  need  of  caution  in^ 
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assuming  the  existence  of  highly  organized  birds  at  so  early  a  period, 
particularly  when  there  were  known  to  be  large  reptiles  which  might 
make  tracks  very  similar,  went  on  to  vspeak  of  the  then  recently 
described  Dinornis  "  of  New  Zealand,  and  wrote  as  follows: 

It  seems  most  reasonable,  therefore,  to  conclude  that  the  ornithichnites  are  the 
impressions  of  feet  of  birds  which  had  the  same  low  grade  of  organization  as  the 
Apteryx  and  Dinornis  of  New  Zealand,  and  this  latter  may  be  regarded  as  the  last 
remnants  of  an  apterous  race  of  birds  which  seems  to  have  flourished  in  the  epoch 
of  the  New  Red  sandstone  of  Connecticut  and  Massachusetts. 

The  concluding  paragraph  in  the  article  from  which  these  abstracts 
have  been  made  is  interesting  as  showing  the  unqualified  acceptation 
by  Murchison  of  the  opinions  by  the  various  authorities.  Thus,  he  is 
quoted  as  having  said: 

From  this  moment,  then,  I  am  prepared  to  admit  the  value  of  the  reasoning  of 
Doctor  Hitchcock  and  of  the  original  discoverer,  Dr.  James  Deane,  who,  it  appears 
by  the  clear  and  modest  paper  laid  before  us  (by  Doctor  Mantel! ),  was  the  first  per- 
son to  call  the  attention  of  the  professor  to  the  phe- 
nomenon, expressing  then  his  own  belief,  from  what 
he  saw  in  existing  nature,  that  the  footprints  were 
made  by  birds.  I^t  us  now  hope,  therefore,  that 
the  last  vestiges  of  doubt  may  be  removed  by  the 
discovery  of  the  lK)nes  of  some  fossil  Dinornis.  In 
the  meantime  let  us  honor  the  great  moral  courage  of 
Professor  Hitchcock  in  throwing  down  his  opinions 
before  an  incredulous  public. 

About  this  time  Doctor  Deane,  evidently 
becoming  dissatisfied  with  the  position  he 
was  likely  to  occupy  in  the  discussion,  be- 
gan to  himself  publish  descriptions,  his  first 
paper  appearing  in  the  American  Journal 
of  Science,  XLVI,  1844,  where  he  figured 
a  slab  some  6  by  8  feet  in  dimensions  con- 
taining over  75  impressions.  He  did  not,  however,  attempt  any  scien- 
tific description  of  the  same,  and  referred  to  them  as  Ornithi<?hnit€H 
fidicoid'es^  of  Hitchcock. 

In  a  paper  read  before  the  American  Association  of  Geologists  and 
Naturalists  at  Washington  in  May,  1844,  Doctor  Hitchcock  took  the 
subject  up  once  more  and  gave  a  brief  history  of  the  discovery  of  foot- 
prints in  other  countries,  and  also  certain  data  regarding  an  earlier 
discovery  than  that  of  Doctor  Deane,  referring  to  the  fact  that  in  1802 
Mr.  Pliny  Moody,  of  South  Hadley,  in  Massachusetts,  had  turned  up 
with  the  plow  upon  his  father's  farm  in  that  place  a  stone  containing 
in  relief  five  tmcks  of  what  he,  Hitchcock,  now  referred  to  as  Omith- 


Fig.  122.— James  Deane. 


«  Bones  of  the  Dinornis,  the  giant  bird  of  New  Zealand,  it  should  be  mentioned, 
first  came  to  the  notice  of  the  scientific  world  through  the  publications  of  Richard 
Owen,  the  English  anatomist,  in  1839-1843. 

Digitized  by  VjOOQ IC 


AMEKICAN   GEOLOGY FOSSIL    FOOTPRINTS.  629 

ichnitea  fulieoiden.  This  same  slab  served  for  several  years  the  pur- 
pose of  a  dooi^step,  and  finally  passed  into  the  possession  of  Doctor 
Hitchcock  in  1839. 

An  evident  feeling  of  jealousy  oetween  tne  two  gentlemen  most 
concerned  is  for  the  first  time  manifested  in  this  paper,  a  feeling 
which  apparently  existed  until  the  time  of  Doctor  Deane's  death,  and 
which  caused  his  friends  to  publish  in  1861  the  volume  entitled  Ichno- 
graphs  of  the  Sandstone  of  Connecticut  River,  a  quarto  volume  of  61 
pages  of  text  and  46  full-page  plates. 

Hitchcock  covered  the  entire  subject  up  to  the  date  of  his  reading 
this  paper  (1844),  and  described  the  fine  large  specimen  found  in  the 
impure  limestone  of  Chicopee  Falls,  in  Springfield,  under  the  name  of 
Omithoidichnites  redjiMii^  and  also  several  other  new  species.  The 
resemblance  of  these  to  saurian  remains  was  still  recognized,  but  the 
proof  was  not  regarded  as  sufficient  to  refer  them  unequivocally  to 
quadrupeds. 

In  this  paper  Hitchcock  adopted  the  following  classification  for 
tracks  or  markings  of  various  kinds: 

Order  1.  PolypodichniteSy  or  many-footed  tracks. 
Order  2.   Tetrapodichnit€»j  or  four-footed  tracks. 
'Order  3.  DipodichniteSy  or  two-footed  tracks. 
Order  4.  ApodichnileSy  or  footless  tracks. 

Under  the  latter  term  he  included  certain  marks  made  by  fishes, 
mollusks,  and  annelid  worms. 

In  the  American  Journal  of  Science  for  1845,  Doctor  Deane  had  two 
papers  descriptive  of  footprints  found  by  him  and  a  part  of  which  he 
thought  to  be  undoubtedly  those  of  batrachians,  agreeing  in  this  respect 
with  Hitchcock,  as  noted  above.  In  his  second  paper  he  described 
and  figured  tracks  made  b}^  a  batrachian  reptile,  the  method  of  pro- 
gression of  which,  as  indicated  by  the  tracks,  was  by  kangaroo-like 
jumps,  the  fore  limbs  not  touching  the  ground.  Again,  in  1847, 
Deane  had  a  paper  dealing  not  merely  with  the  tracks,  but  also  with 
the  supposed  conditions  under  which  they  were  formed,  the  tracks 
described  being  in  part  those  of  birds  and  in  part  those  of  quadrupeds. 
Their  preservation  he  regarded  as  due  to  the  resubmergence  during 
seasons  of  flood  of  the  mud  flats  upon  which  they  were  formed. 

Through  the  same  medium  and  this  same  year  Hitchcock  reverted 
once  more  to  the  subject  and  described  two  new  species  of  thick-toed 
bipeds,  the  one  renamed  Brontosou/n  (from  Omithoidichnites)  silli- 
manium^  and  the  other  B.  jmrallelum.  In  connection  with  these  he 
described  a  large  and  extraordinary  track  regarded  as  that  of  a  batra- 
chian and  to  which  he  gave  the  generic  name  Otozmini,  He  regarded 
the  tracks  as  having  been  preserved  by  being  silted  in  by  the  waves  of 
spring  tides. 
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Again,  in  1848,  Doctor  Deane  came  forward  with  a  brief  paper  and 
figures  of  tmcks  which  he  thought  might  with  propriety  be  referred 
to  «ome  member  of  the  tailed  or  salamandrian  family  of  batrachians, 
since  he  discovered  markings  which  seemed  to  him  as  probably  due 
to  the  trailing  of  the  caudal  appendage.  In  this  same  year  Dexter 
Marsh,  the  man  who  first  called  Doctor  Deane's  attention  to  the  foot- 
prints in  1836,  in  a  long  letter  to  the  editor  of  Silliman's  Journal, 
described  and  figured  footprints  which  he  regarded  as  those  of  a 
quadruped  and  one  that  walked  step  by  step  and  not  by  leaps. 

Previous  to  the  forties  Hitchcock  had  given  names  only  to  the 
tracks,  but  in  1845,  acting  under  tlie  suggestion  made  to  him  by  Doc- 
tor Deane,  he  presented,  at  the  meeting  of  the  Association  of  Ameri- 
can (Geologists,  a  catalogue  of  the  animals  themselves,  so  far  as  known, 
a  plan  to  which  he  adhered  and  defended  in  his  paper  in  the  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences,  prcvsentcd  in  1848. 
In  this  paper  he  discussed  with  his  usual  caution  the  possibilities  of 
identification  and  classification  from  footprints  alone,  and  while  he 
acknowledged  that  he  had  no  great  confidence  in  the  armngement 
adopted  except  in  a  few  instances,  went  on  to  submit  tlie  following  list 
of  genera: 

1.  'Bnmtozourn,  9.    Trlivnopus,  17.   Ilopllchnm, 

2.  ^I^thiopm.  10.  Ilarpedadyhis.  18.   Macwptenia. 

3.  Steropezouia,  11.  TijiKtpns,  19.  Xrphopeza. 

4.  Argozoum.  12.  Otozoxnii,  20.  Ancyropm, 

5.  riatypterna.  18.  Palainojni^.  21.  Ilehmra. 

6.  Ornlthopui^.  14.  Thenaropus,  22.  lIcrpyHtezonm, 

7.  PoltmarcJms,  15.  A)un7iapm,  23.  Ildrjxigapu^. 

8.  Plertnyims,  IH.  Anwopns. 

Under  these  names  he  described  49  species,  of  which  he  regarded  12 
as  certainly  quadrupeds:  4  probably  lizards,  2  chelonians  or  turtles, 
and  6  batrachians.  Two  were  annelids  or  moUusks;  3  of  doubtful 
character;  and  the  remaining  32  species  were  bipeds.  Eight  of  these 
32  he  regarded  as  being  thick-toed  tridactylous  birds;  14  others  were 
probably  narrow-toed  tridactylous  or  tetradactylous  birds;  2  were 
perhaps  bipedal  batrachians,  and  the  remaining  8  he  thought  might 
have  been  birds,  but  would  more  probably  turn  out  to  be  either 
lizards  or  batrachians. 

It  may  be  noted,  in  this  connection  that,  in  1845,  Dr.  Alton  King 
found  fossil  footprints  in  Carboniferous  sandstone  in  Westmoreland 
County,  Pennsylvania.  These,  though  now  known  to  have  l>een  ti*acks  of 
amphibians,  were  described  by  King  under  the  names  of  (h^nlfhichnitefi 
gall  Inula  I  des  9ii\A  <>.  CHlbe/i.soNi,  King  acce))ting  their  birdlike  origin, 
though  assuring  the  reader  that  the  ''popular  error  that  these  are  the 
tracks  of  wild  turkeys  needs  no  discussion.''     Certain  other  tracks 


Report  of  U.  S.  National  Museum,  1904.— Merrill. 


Plate  36. 


The  Appleton  Cabinet. 
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found  at  the  same  time  were  recognized  as  those  of  quadrupeds,  and 
were  described  under  the  generic  name  of  SpJiei^apeziuin, 

In  the  Memoirs  of  the  American  Academy  of  Arts  and  Sciences  for 
1849,  Deane  had  again  a  paper  on  fossil  footprints  of  the  Connecticut 
Valley,  which  he  regarded  as  in  part  those  of  birds  and  in  part  those 
of  reptiles.  These  were  described  and  figured,  but  no  attempt  at 
classification  was  made. 

In  1858  Hitchcock  published  his  Ichnology  of  New  England,  a 
quarto  volume  of  some  200  pages,  with  60  plates  of  footprints  and  a 
map  of  the  Connecticut  Valley,  showing  the  distribution  of  the  Tri- 
assic  sandstone  with  its  included  tracks,  together  with  a  section  across 
the  valley  at  Springfield.  This  work  is  of  importance,  not  merely 
on  account  of  the  detailed  description  of  the  tracks,  but  also  as  sum- 
ming up  the  knowledge  of  the  subject  and  the  prevailing  opinion 
regarding  the  origin  and  age  of  the  sandstone  itself.  The  sandstone, 
it  should  be  stated,  had  been  regarded  by  many  geologists  as  owing 
its  present  dip  to  its  having  been  deposited  upon  a  sloping  floor. 
To  this  view  Hitchcock  now  took  exception  and  could  find  no  way  of 
escaping  from  the  opinion  that  it  had  been  upheaved  since  its  deposi- 
tion. The  age  of  the  sandstone  he  considered  to  be  undoubtedly 
Jurassic.  He  discussed  in  great  detail  the  character  of  the  tracks, 
and  announced  some  thirty  characteristics  which  he  regarded  as  based 
on  the  principles  of  comparative  anatomy  and  zoology,  and  which  he 
thought  afforded  him  reliable  grounds  from  which  to  judge  of  the 
nature  of  an  animal  from  its  tracks.  He  felt  that  he  could  now  decide 
with  a  good  degree  of  confidence,  first,  whether  the  animal  making 
the  track  was  vertebral  or  invertebral;  second,  whether  a  biped, 
quadruped,  or  multiped;  third,  to  which  of  the  four  great  classes  of 
vertebrates  it  belonged  and,  with  less  certainty,  to  what  order,  genus, 
or  species  the  animal  might  be  referred.  It  wa«  in  this  work  that  he 
first  proposed  the  term  Lithichnozoa  (the  stony-track  animals),  to 
embrace  the  animals  whoso  characters  he  described  from  their  tracks. 
The  classification  adopted  divided  the  animals  into  ten  groups:  First, 
marsupialoid  animals;  second,  paehydaetyloua^  or  thick-toed  birds; 
third,  leptodactylom^  or  narrow-toed  birds;  fourth,  ornithoid  lizards 
or  batrachians;  fifth,  lizards;  sixth,  hatrachians;  seventh,  ehelonians; 
eighth,  fishes;  ninth,  crustaceaTis^  tayriajmds^  and  insects;  and  tenth, 
aniielidan^. 

It  will  be  noted  that  the  Brontozoum  was  still  included  under  the 
group  of  pachydactylous  or  thick-toed  biixls. 

In  1863  we  find  Hitchcock  again  returning  to  the  subject  in  a  brief 
paper  in  the  American  Journal  of  Science  for  that  year,  in  which  he 
announced  that,  though  having  been  compelled  to  give  up  ten  or  a 
dozen  of  his  old  species  of  footmarks,  he  had  described  over  thirty 
new  ones.     Further,  finding  that  an  error  had  been  made  as  to  the 
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number  of  phalanges  in  the  ti'acks  of  some  of  the  animals  classed 
as  Lithwhnozoa^  he  confessed  to  a  doubt  if  the  animals  heretofore 
grouped  under  this  name  should  be  classed  as  birds;  and,  as  a  general 
conclusion,  announced  that  in  fossil  footmarks  birds  could  not  be  dis- 
tinguished from  quadrupeds  by  the  number  of  phalanges.  In  this 
same  paper  he  announced  the  finding  of  tracks  which  were  accom- 
panied by  certain  markings  which  were  evidently  made  by  the  tail  of 
the  animal,  such  being  particularly  characteristic  of  his  Anisopiis 
gracilU^  an  animal  the  quadrupedal  nature  of  which  had  already  been 
recognized.  The  presence  of  such  tail-like  markings  in  the  case  of 
the  Anomop^pus  lead  him  into  a  somewhat  lengthy  discussion  as  to  the 
affinities  of  this  animal,  whether  bird  or  reptile,  though  he  was  evi- 
dently in(*lined  to  regard  it  as  most  nearly  related  to  a  lower  order  of 

birds  like  the  Archw- 
opteryx.  In  support  of 
this,  he  appended  a  let- 
ter from  Professor 
Dana,  in  which  he  re- 
ferred to  the  general- 
ized characters  of  the 
early  birds. 

Here  the  matter 
would  appear  to  have 
rested  until  Mr.  Ros- 
well  Field,  a  farmer  of 
Greenfield,  Massachu- 
setts, on  whose  prop- 
erty the  first  slabs  were 
found,  for  the  first 
time  in    print     voiced 

Fig.  123.— Skeleton  of  Anchimurus  colurus  Marsh.  i  .  .    .  » 

his  own  opmions.  In 
the  American  Journal  of  Science,  XXIX,  1860,  he  gave  briefly  and 
modestly  the  results  of  his  experience  in  collecting  and  observing, 
and  announced  it  as  his  opinion  that  the  vertebral  tracks  should  all  be 
classed  as  reptilian.  That  the  animals  that  made  them  usually  walked 
on  two  feet  he  admitted,  but  contended  that  they  could  as  well  have 
walked  on  four  had  they  chosen.     In  proof  of  this  he  added: 

We  find  tracks  as  perfect  as  if  made  in  plaster  or  wax  which,  to  all  appearances, 
as  to  the  number  of  toes  and  the  phalangial  or  lateral  expansions  in  the  toes,  agree 
perfectly  well  with  those  of  living  birds,  and  still  we  know,  by  the  impressions  made 
by  their  forward  feet,  that  these  fossil  tracks  were  made  by  quadrupeds. 

In  still  other  cases  he  noted  traces  of  the  tails  tracking  in  the  mud. 
Enumerating  some  of  the  cases  in  which  the  so-called  bird  tracks — as, 
for  instance,  the  Otazoum^  had  been  proven  to  be  reptilian — he  added 
that  this  he  verily  believed  is  the  place  for  them  all.     And  in  this  he 
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was  right,  but  it  was  not  until  1893  that  the  actual  bones  of  one  of  the 
reptiles  were  found  in  a  sufficiently  good  state  of  preservation  to  allow 
Prof.  O.  C.  Marsh  to  make  the  restoration  shown  in  fig.  123.  This 
particular  form  was  about  six  feet  in  height,  when*  standing,  as  in  the 
figure.  ''One  of  the  most  slender  and  delicate  dinosaurs  yet  dis- 
covered, being  only  surpassed  in  this  respect  by  some  of  the  smaller, 
bird-like  forms  of  the  Jurassic."  The  creature  is  shown  in  the  figure 
in  the  position  it  is  thought  to  have  habitually  assumed.  On  a  firm 
but  moist  beach  only  three-toed  impressions  would  have  been  left  by 
the  hind  feet  and  the  tail  would  have  been  kept  free  from  the  ground. 
On  a  soft  muddy  shore  the  claw  of  the  fifth  digit  would  have  also  left 
its  mark,  and  perhaps  the  tail  would  have  dragged.  When,  perhaps 
momentarily,  he  rested  on  his  fore  feet,  tracks  of  a  quite  dissimilar 
nature  would  have  resulted,  such  as  at  first  were  assumed  to  be  those 
of  an  animal  of  another  species. 

And  so  the  matter  rests. 

Dr.  James  Deane  was  born  at  Coleraine,  Massachusetts,  Februar}' 
24,  1801,  and  became  by  profession  a  physician,  practicing  at  Green- 
field, in  the  same  State.  Eminently  successful  in  his  practice,  he 
nevertheless  found  time  for  study  and  work  in  other 
sketoh  of  Doctor  |j^^g  '^Nota  moment  was  lost  that  he  could  spare 
from  the  great  labors  of  his  profession.  Late  into 
the  night  was  his  lamp  seen  glittering  from  his  casement  *  *  * 
while  he  was  copying,  with  his  masterly  touch,  these  relics  of  an 
ancient  era"  (Bowditch).  He  is  described  as  a  man  of  few  words, 
though  of  a  genial  and  social  character;  of  a  tall  and  commanding 
form,  and  a  well  knit,  compact  frame;  a  man  whose  very  walk  con- 
veyed an  idea  of  strength. 
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Sir  William  Logan. 
Director  of  the  Geological  Survey  of  Canada. 
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CHAPTER  IX 


THE  EOZOON  QUESTION. 

In  his  work  on  the  geology  of  Canada,  1863,  Logan  described  some- 
what briefly  certain  fornLs  strongly  resembling  fossils  whicli  were  dis- 
covered some  three  years  earlier  in  the  Laurentian  rocks  belonging  to 
the  Grand  Calumet  series  of  Canada. 

The  specimens  represented  parallel  or  concentric  layers  of  crystal- 
line pyroxene,  the  interstices  of  which  were  filled  with  crystalline 
carbonate  of  lime,  resembling  somewhat  the  strjucture  of  the  fossil 
Stromatopora  mgona  found  in  the  Bird's-eye  and  Black  River  lime- 
stone. (See  fig.  124.)  Logan  realized  the 
fact  that  organic  remains  found  entombed 
in  these  limestones  would,  if  they  retained 
their  calcareous  nature,  be  almost  certainly 
obliterated  by  crystallization,  and  it  would 
only  be  through  the  replacement  of  the  origi- 
nal lime  carbonate  by  some  different  mineral 
substance  that  there  would  be  any  chance  of 
the  forms  being  presei*ved.  Nevertheless, 
their  resemblance  to  fossil  remains  was  so 
great  that,  had  the  specimens  been  obtained 
from  the  altered  rocks  of  the  Lower  Silu- 
rian series  instead  of  the  Laurentian,  he 
thought  there  would  have  been  little  hesi- 
tancy in  pronouncing  them  to  be  true  fossils. 

In  the  Quarterly  Journal  of  the  Geolog- 
ical Society  of  London  for  1865  Logan 
returned  to  the  subject,  bringing  much  new 
evidence  to  bear.  He  described  the  oldest 
rocks  in  North  America  as  those  composing 
the  Laurentide  Mountains  of  Canada  and  the  Adirondacks  of  New 
York,  dividing  them  into  the  Lower  and  Upper  Laurentian  series,  the 
united  thickness  of  which  was  estimated  to  probably  exceed  30,000 
feet,  and  this  overlaid  by  a  third  group  (the  Huronian),  which  had 
been  estimated  to  be  some  18,000  feet  in  thickness.  In  both  the 
Upper  and  Lower  Laurentian  series  he  found  zones  of  limestone 
which  had  sufficient  volume  to  constitute  an  independent  formation. 

While  studying  these  rocks  he  had  naturally  fallen  to  speculating 
upon  the  possible  occurrence  of  life  during  the  period  in  which  they 


Fig.  124.— SuppoBCKl  fossil  from  Lau- 
rentian limestone,  a,  Weathered 
surface;  6,  vertical  transverse  sec- 
tion (reduced  about  one-half). 
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were  being  laid  down,  and  his  mind  was  doubtless  in  a  mood  to  readily 
accept  any  promising  discoveries.  He  recognized  the  fact  that  the 
mere  apparent  absence  of  fossils  from  the  crystalline  limestone  did  not 
seem  to  oflfer  any  proof  in  negation,  since  such  might  have  been  oblit- 
erated by  metamorphic  action,  and  he  referred  to  the  argumentB  of 
T.  Sterry  Hunt  in  favor  of  the  possible  organic  origin  of  the  beds  of 
iron  ore  and  metallic  sulphurets  in  the  older  rocks.  When,  therefore, 
these  imitative  forms  were  brought  to  his  attention,  he  candidly 
acknowledged  himself  as  being  disposed  to  look  upon  them  as  fossils, 

and,    indeed,    he     exhibited 
2    /r-\^      ^  _  them  as  such  at  the  meeting 

of  the  American  Association 
for  the  Advancement  of  Sci- 
ence at  Springfield  in  1859. 

Subsequently**  thin  sec- 
tions prepared  from  these 
were  referred  to  Dr.  J.  W. 
Dawson,  of  Montreal,  who 
was  regarded  as  the  most 
practiced  observer  with  the 
microscope.  To  Doctor  Daw- 
son, then,  may  be  given  a 
large  share  of  whatever  credit 
is  due  for  the  recognition  of 
the  supposed  animal  nature 
of  this  much  disputed  body. 
The  specimens  first  exam- 
ined by  Dawson  were  from 
the  base  of  the  so-called  Gren- 
ville  limestone,  belonging  to 
the  highest  zones  of  the 
Lauren tian,  the  mass  of  the 
rock  being  composed  of  great 
and  small  irregular  aggre- 
gates of  white  crystalline 
pyroxene,  interspersed  with  a  multitude  of  small  spaces,  consisting 
mainly  of  carbonate  of  lime,  many  of  which  showed  minute  structures 
similar  to  that  of  the  supposed  fossil.  The  general  character  of  the 
rock  he  thought  convej'^ed  the  impression  that  it  was  a  great  fora- 
niiniferal  reef  in  which  the  pyroxenic  masses  represented  a  more 
ancient  portion,  which,  having  died,  had  become  much  broken  up 
and  worn  into  cavities  and  deep  recesses,  affording  a  seat  for  a  new 
growth  of  foraminifera,  represented  by  the  calcareous  and  serpentin- 

«  Quarterly  Journal  of  the  Geological  Society  of  London,  XXI,  1865,  pp.  45-69. 
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Fig.  125  (Noe.  1  to  4).— Small  weathered  specimens  of 
Eozoon  canaderisc.  From  Petite  Nation.  1,  Natural 
size,  showing  general  form  and  acervuline  portion 
above  and  laminate^l  portion  below;  2,  enlarged  casta 
of  cells  from  upper  pari;  3.  enlarged  casts  of  cells 
from  the  lower  part  of  the  a<*ervuline  portion;  4,  en- 
larged casts  of  Barcode  layers  from  the  laminated 
part.    (After  J.  W.  Dawson.) 
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ous  part.     This  in  turn  became  again  broken,  leaving  in  some  places 
uninjured  portions  of  the  general  form. 

The  main  difference  between  this  foraminifeml  reef  and  more  recent 
coral  reefs,  he  thought  to  be,  that,  while  with  the  latter  there  are 
usually  associated  many  shells  and  other  organic  remains,  in  the  more 
ancient  one  the  only  remains  yet  found  were  those  of  the  animal  which 
built  the  reef. 

Dawson  attacked  the  problem  from  the  zoologist's  standpoint.  To 
properly  understand  his  position  and  also  that  of  those  who  combated 
his  arguments,  it  must  be  remembered  that  the  science  of  micro- 
petrography  was  then  in  its  infancy;  in  fact  the  possibilities  of  meta- 
somatosis  or  alteration  by  indefinite  substitution  and  replacement  were 
only  beginning  to  be  realized  by  even  the  most  advanced  of  mineralo- 
gists and  geologists.  Hence  it  was  possible  for  two  men,  attacking 
the  same  problem  from  opposite 
standpoints — the  one  as  a  chemist 
and  physicist  and  the  other  as  a 
zoologist — to  arrive  at  conclu- 
sions diametrically  opposed  to 
each  other. 

The  specimens  examined,  as 
already  indicated,  were  masses 
often  several  inches  in  diameter, 
presenting  to  the  naked  eye  al- 
ternate laminte  of  sei'pentine,  or 
pyroxene,  and  carbonate  of  lime, 
their  general  aspect  reminding 
one,  as  already  noted,  of  the  Silu- 
rian Hydroids  of  the  genus  Stro- 
matopora  (see  fig.  124).  Under 
the  microscope  Dawson  found 
the  laminae  of  serpentine  and  pyroxene  to  present  no  organic  structure, 
the  pyroxene  being  highly  crystalline.  The  laminae  of  carbonate  of 
lime,  on  the  other  hand,  he  thought  retained  distinct  traces  of  struc- 
ture which  could  be  considered  only  as  organic,  constituting  parallel 
or  concentric  partitions  of  variable  thickness  inclosing  flattened  spaces 
or  chambers,  frequently  crossed  b}'  transverse  plates  or  septa.  The 
laminae  themselves  were  frequently  excavated  on  their  sides  into 
rounded  pits,  and  in  some  places  traversed  by  canals  and  penetmted 
by  numerous  minute  tubuli,  a  structure  which  can  be  best  understood 
by  a  reference  to  fig.  126. 

According  to  the  conclusions  of  Dawson,  the  calcareous  portion  rep- 
resented the  portion  of  the  original  shell,  the  serpentinous  matter,  on 
the  other  hand,  being  material  infiltrated  into  the  cavities  which  had 
been  occupied  bysarcode  during  the  life  of  the  animal.     He  referred 


Fig.  126.— Magnified  group  of  canals  in  supple- 
mental skeleton  of  Eozoon.  Taken  from  the 
specimen  in  which  they  were  first  recognized 
(Life's  Dawn  on  Earth).    (After  J.  W.  Dawson.) 
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the  supposed  organism  to  the  group  of  Rh^^zopods  of  the  order  of 
foraminifera,  and  conceived  that  during  life  they  were  sessile  by  a 
broad  base  and  ^'grew  by  the  addition  of  successive  layers  of  cham- 
bers separated  by  calcareous  laminae  but  communicating  with  each 
other  by  canals  or  septal  orifices  sparsely  and  irregularly  distributed." 
He  imagined,  further,  that  the  organisms  grew  in  groups  which  ulti- 
mately coalesced  and  formed  large  masses  penetrated  by  deep,  irregu- 
lar canals  and  that  they  continued  to  grow  at  the  surface  while  the 
lower  parts  became  dead  and  filled  up  with  the  infiltrated  matter  or 
sediment,  assuming  the  aspect  of  a  coral  reef. 

On  account  of  their  geological  position,  he  proposed  to  designate 
the  animals  b}^  the  name  of  Eozmm^  and  these  particular  ones  by  the 
specific  name  of  eanaden^e^  and  in  his  annual  address  before  the 
Natural  History  Society  of  Canada  for  that  year,  referred  to  the  dis- 


FiG.  127.— Portion  of  Eozoon  magnified  100  diameters,  showing  the  original  cell-wall  with  tiibulation 
and  the  supplemental  skeleton  with  canals,  o.  Original  tubulated  wall  or  "Nummuline  layer:" 
more  magnified  in  Fig.  A;  b  c,  intermediate  skeleton  with  canals.     (After  W.  B.  Carpenter.) 

covery  as  *''one  of  the  brightest  gems  in  the  scientific  crown  of  the 
Geological  Survey  of  Canada." 

The  paper  by  Dawson  was  immediately  followed  by  one  by  the  well- 
known  microscopist,  W.  B.  Carpenter,  whose  conclusions  were  in 
every  way  confirmatory  of  those  of  Dawson.     To  quote  his  own  words: 

That  the  Eozoon  finds  it«  proper  place  in  the  foraminiferal  Beries,  I  conceive  to 
be  conclusively  proved  by  its  accordance  with  the  great  types  oi  that  series  in  all  the 
essential  characters  of  organization,  namely,  the  structure  of  the  shell  forming  the 
proper  wall  of  the  chambers,  in  which  it  agrees  precisely  with  Nummulina  and  its 
allies;  the  presence  of  an  intermediate  skeleton  and  an  elaborate  canal  system,  the 
disposition  of  which  reminds  us  most  of  Calcarina;  a  mode  of  communication  of  the 
chambers  when  they  are  most  completely  separated,  which  ha.s  its  exact  jmrallel  in 
Ciicloqipeui^;  and  an  ordinary  want  of  completeness  of  separation  between  the  cham- 
bers, corresponding  with  that  which  is  characteristic  of  Carpentaria. 
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The  chemical  and  mineralogical  side  of  the  problem  was  taken  up 
by  T.  Sterry  Hunt,  who  found  that  the  silicate  portion,  i.  c.,  the 
material  filling  the  chambers,  was  composed  of  serpentine  or  pyroxene 
in  some  of  its  forms. 

It  is  not  suiprising  that  the  finding  of  supposed  fossil  remains  in 
rocks  so  old  as  those  of  the  Laurentian  should  have  excited  the  widest 
attention,  and  it  would  have  been  strange  indeed  had  such  conclusions 
been  allowed  to  go  unchallenged.  In  1806^  there  was  read  before  the 
same  society  a  detailed  account  of  the  investigations  made  by  Profs. 
William  King  and  T.  H.  Rowney,  of  Queen's  University  in  Ireland. 
These  gentlemen,  although  claiming  to  have  had  no  misgivings  at  the 
commencement  of  their  investigations  as  to 
the  Eozoonal  origin  of  the  material,  never- 
theless attacked  the  problem  from  the  phys- 
ical and  chemical  rather  than  the  biological 
standpoint.  They  examined  in  great  detail 
all  of  the  structures  described  by  Dawson, 
though  not  having  access  to  all  his  materials. 
Their  conclusions  were  to  the  effect  that  (1) 
the  so-called  chamber  casts  or  granules  of 
serpentine  were  more  or  less  simulated  by 
minerals  like  chondrodite,  coccolite,  pargas- 
ite,etc. ;  (2)  that  the  'Vintermediate  skeleton'' 
was  closely  represented  both  in  chemical 
composition  and  other  conditions  by  the 
matrix  of  these  minerals;  (3)  that  the  proper 
wall  of  Dawson  was  structurally  identical 
with  an  asbestic-form  layer  which  was  fre- 
quently found  investing  the  grains  of  chon- 
drodite, and  that  instead  of  belonging  to  the 
skeleton  it  was  altogether  independent  of 
that  part  and  formed  an  integral  portion  of 
the  serpentine  constituting  a  chamber  cast; 
(4)  that  the  ciinal  system  was  analogous  to 
the  embedded  crystallizations  of  native  silver  and  other  similarly  con- 
ditioned minerals;  and  (5)  that  the  t^^pe  examples  of  casts  of  stolon 
passages  were  isolated  crystals  apparently  of  pyrosclerite.  From  those 
considerations  and  the  perhaps  even  more  important  one  that  the 
Ek)zoonal  structure  was  found  only  in  metamorphic  rocks  and  never  in 
unaltered  sedimentary  deposits,  they  concluded  that  every  one  of  the 
specialties  which  had  been  diagnosed  for  the  Eozomi  canad^ise  was  of 
purely  crystalline  origin. 

Such  conclusions  naturally  brought  forth  prompt  rejoinders  from 
Carpenter  and  others,  the  controversy  becoming  in  some  ca^es  per- 
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Fig.  128.— Magnified  and  restored 
Rection  of  a  portion  of  Eozoon 
eanivdense.  The  shaded  portions 
show  the  animal  matter  of  the 
chambers,  tubuli,  canals,  and 
pseiidopodia;  the  unshaded  por- 
tions the  calcareous  skeleton. 
(AfterJ.  W.Dawson.) 
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sonal  and  often  not  particularly  creditable  to  those  most  interested. 
Thus  Carpenter  accused  Rowney  of  never  having  seen  any  transparent 
sections  of  Eozoon  thin  enough  to  give  a  good  view  of  its  tubuliferous 
layer  until  he  himself  had  shown  it  to  him;  and,  further  than  that,  that 
he  had  no  practical  knowledge  of  the  structure  of  nummuline  shells  at 
best.  His  paper  in  reply  to  the  statements  of  Rowney  concluded  with 
the  remark  that  he  had  recently  had  his  attention  called  to  an  occur- 
rence of  Eozoon,  which  was  preserved  simply  in  carbonate  of  lime 
without  any  serpentine  or  other  foreign  mineral,  and  showing  the 
caujal  system  very  perfectly.  This  he  felt  was  a  conclusive  answer  to 
King  and  Rowney's  objection  No.  3,  to  the  effect  that  the  canal  system 
of  Eozoon  was  no  other  than  crystallization  of  metaxite,  an  allomor- 
phic  variety  of  serpentine. 

In  this  same  year  Ferdinand  von  Hochstetter  found  in  the  crystal- 
line Azoic  limestone  of  Krumman,  Bavaria,  structures  which,  when 
examined  by  Carpenter,  were  pronounced  by  him  to  be  unmistakably 
those  of  Eozoon. 

The  forms  thus  far  found  were  limited  to  the  Laurentian  rocks,  and 
were  regarded  by  both  Logan  and  Dawson  as  important  ^'horizon 
markers,"  i.  e.,  as  affording  presumptive  evidence  in  favor  of  the  Lau- 
rentian age  of  all  rocks  in  which  they  might  occur.  The  announce- 
ment by  C.  W.  Giimbel  of  finding  Eozoonal  structures  in  the  Hercynian 
gneisses  of  Bavaria,  regarded  by  him  as  of  Huronian  or  Cambrian  age, 
was,  therefore,  both  disconcerting  and  encouraging  to  the  Eozoonist^. 
Giimbel  himself  adopted  enthusiastically  the  conclusions  of  Carpenter 
and  Dawson  as  to  the  organic  nature  of  the  forms.  "  This  discovery," 
he  wrote,  "at  once  overturns  the  notions  hitherto  commonly  enter- 
tained with  regard  to  the  origin  of  the  stratified  primary  limestones. 
In  this  discovery  we  hail  with  joy  the  dawn  of  a  new  epoch." 

In  1867  Sir  William  Logan  again  brought  the  matter  to  the  atten- 
tion of  the  Geological  Society  of  London,  submitting  a  specimen  of 
Eozoon  obtained  in  the  township  of  Tudor,  Hastings  County,  Canada, 
in  which  the  serpentine  minerals  were  quite  lacking,  it  being,  in  fact, 
the  specimen  above  referred  to  by  Carpenter.  This  was  examined 
and  described  by  Dawson,  who  thought  to  be  able  to  detect  all  the 
essential  characteristics  of  the  true  Eozoon.  In  presenting  his  descrip- 
tion of  this  new  find,  Dawson  took  occasion  once  more  to  challenge  the 
work  of  Messrs.  King  and  Rowney,  and  accused  them  of  making  the 
fundamental  error  of  defective  observation  in  failure  to  distinguish 
between  organic  and  crystalline  forms,  an  accusation  which  he  sub- 
stantiated (?)  by  a  long  argument  not  necessary  to  reproduce  here. 

From  this  time  on,  literature  on  both  sides  of  the  Atlantic  contains 
many  references  and  matter  more  or  less  relevant  to  the  discussion. 
By  many  of  the  best  informed  the  organic  nature  of  the  fossil  was  con- 
sidered to  be  an  open  question,  and  but  few  American  geologists,  so 
far  as  I  am  aware,  ever  openly  advocated  it.  -y -^^  ^y  ^-----^--^ 
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In  1871  Messrs.  King  and  Rowney  read  before  the  Royal  Irish  Acad- 
emy a  paper  on  the  geological  age  and  structure  of  the  serpentine 
marble  of  Skye,  in  which  reference  was  made  to  structures  closely 
simulating  those  of  the  Eozoon,  the  rock  in  this  case  being  of  Lias.*?ic 
age,  and  the  imitative  forms  being  the  result  of  structural  and  chemical 
changes  to  which  such  siliceous  minerals  as  malacolite  and  other 
varieties  of  lime  magnesian  pyroxenes  were  characteristically  liable. 

This  paper  was  followed  the  same  year  by  another  on  the  mineral 
origin  of  the  so-called  Eozoon  canaderise^  which  passed  in  review  all  of 
the  accumulated  evidence  both  for  and  against,  reiterating  and  empha- 
sizing many  of  the  statements  made  in  previous  papers.  They  held 
that  the  so-called  intermediate  skeleton  and  the  chamber  casts  of  the 
Eozoon  were  completely  paralleled  in  various  crystalline  rocks  con- 
taining pyroxene,  the  chamber  casts  being,  in  fact,  composed  occa- 
sionally of  log^nite  and  malacolite  besides  serpentine,  a  fact  which, 
instead  of  favoring  the  organic  origin,  as  claimed,  was  to  be  held  as 
proof  of  their  having  been  produced  by  mineral  agencies. 

With  reference  to  Gumbel's  observations  regarding  the  rounded 
cylindrical  or  tuberculated  grains  of  coccolite  and  pargasite  which  he 
found  in  various  crystalline  marbles  and  supposed  to  be  chamber  casts, 
they  claimed  to  have  found  upon  such  grains  crystalline  planes,  angles, 
and  edges,  "  a  fact  clearly  proving  that  they  were  originally  simple  or 
compound  crystals  that  have  undergone  external  decretion  by  chemical 
or  solvent  action." 

The  so-called  nummulitic  layer  they  contended  had  originated 
directly  from  closely  packed  fibrous  or  asbestif orm  serpentine,  and  that 
it  occurred  in  cracks  or  fissures  in  both  the  Canadian  and  Connemara 
(Ireland)  ophite.  The  fact  that  the  two  superposed  asbestif  orm  layers 
forming  the  upper  and  under  proper  wall  and  their  component  aciculi 
often  passed  continuously  and  without  interruption  from  one  chamber 
cast  to  another,  they  argued  was  totally  incompatible  with  the  idea  of 
this  nummuline  layer  having  resulted  from  pseudopodial  tubulation. 
The  canal  system  they  found  to  be  composed  of  serpentine  or  malaco- 
lite, and  to  be  completely  paralleled  by  crystalline  configurations  in 
the  coccolite  marble  of  Aker  in  Sweden,  and  in  the  crevices  of  a  crystal 
of  spinel  embedded  in  a  calcite  matrix  from  Amity,  New  York. 

Finially,  they  argued  that  the  occurrence  of  the  Eozoon  solely  in 
crystalline  or  metamorphosed  rocks,  and  never  in  ordinary  unaltered 
deposits,  must  be  assumed  as  completely  demonstrating  their  purely 
mineral  origin.  The  paper  was  aggressively  argumentative  from  the 
start  and  contains  a  very  scathing  review  of  Dawson's  work,  further 
expressing  a  willingness  to  renounce  the  controversy  altogether, 
"fully  believing  that  Doctor  Dawson  can  employ  his  time  more  use- 
fully on  other  subjects  than  that  of  Eozoon." 
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The  evidence,  however,  was  not  altogether  one  way,  Max  Si'hultze, 
after  an  examination  of  a  specimen  transmitted  him  by  Dawson, 
announcing  that  ''there  can  be  no  serious  doubt  as  t«>  the  forami- 
nifeml  nature  of  Eozoon  cmiadense,^^  Further  evidence  against  the 
organic  nature  of  the  Eozoon  was,  however,  furnished  by  Mr.  H.  J. 
Carter  in  1874,  in  a  letter  to  Professor  King,  and  published  in  the 
Annals  and  Magazine  of  Natural  History-  of  that  year.  After  a  some- 
what elaborate  comparison  of  the  structure  of  Eozoon  with  that  of 
known  foraminifera,  he  wrote: 

But  in  vain  do  we  seek  in  the  so-called  Eozoon  canadense  for  an  unvarying  perpen- 
dicular tubuli,  the  sine  qiut  non  of  foramini feral  structure.  *  *  *  In  short,  in  vain 
do  we  look  for  the  casts  of  true  foraminiferous  chambers  at  all  in  the  grains  of  serpen- 
tine. They,  for  the  most  part,  are  not  subglobular  but  subprismatic.  With  such 
deficiencies  I  am  at  a  loss  to  conceive  how  tlie  so-calleil  Eozoon  ramtdense  can  be 
identified  with  foraminiferous  structure  except  by  the  wildest  conjecture. 

To  the  conclusions  of  Carter,  Carpenter  took  violent  exception  and 
accused  that  gentleman  of  not  having  read  anything  that  had  been 
written  bearing  upon  the  other  side  of  the  question;  of  having  no 
comprehensive  knowledge  of  fomminifeml  structure,  and  of  having 
seen  only  those  samples  of  Eozoon  submitted  by  Professor  King;  and 
hence  his  imputation  to  the  effect  that  the  organic  nature  of  the 
Eozoon  had  no  other  basis  than  '"the  wildest  con jecture ""  was  to  l)e 
regarded  '\simply  as  specimens  of  a  new  method  of  language  which 
might  be  termed  Carfer<Mf\^'  He  then  went  over  once  more  certain 
disputed  points  and  concluded  by  saying: 

An  experience  of  thirty-five  years  *  *  *  has  given  me,  I  venture  to  think, 
some  special  aptitude  for  recognizing  organic  structure  when  I  see  it;  and  I  never 
saw,  in  any  fossil  whatever,  more  distinct  evidences  of  organic  structure  than  are  to 
be  seen  in  these  finer  ramifications  of  the  canal  system  of  Eozoon. « 

Perhaps  the  most  important  paper  on  the  subject  after  those  men- 
tioned was  that  of  Dr.  Carl  Moebius,  of  Kiel,  in  1870.  Moebius,  it 
should  be  noted,  was  a  zoologist  and  microscopist.  He  claimed  to 
have  l>eeii  first  led  to  the  study  of  the  Eozoon  through  observations  of 
the  structure  of  a  rhyzojK)d  found  by  him  in  1874  on  the  coral  reefs 
near  Mauritius.  Sections  of  these  growths  so  closely  resembled  the 
representations  of  Eozoon  sections  published  that  he  resolved  to 
niake  a  ctireful  investigation  of  the  latter  for  puiposes  of  comparison 
with  his  Cnrpetdana  raphhlodindran  and  other  foraminifera.  With 
this  object  in  view,  he  investigated  upward  of  %)  Eozoon  sections, 
which  were  placed  at  his  disposal  through  the  kindness  of  Doctor 
CarptMiter,  and  many  of  which  originally  belonged  to  Professor 
Dawson. 


«  "  For  treweley  there  is  noon  of  uh  all, 
If  any  wijrht  wol  claw  us  on  the  jrallc, 
TImt  we  nvl  kike." 
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The  ivsult  of  Moebiiis'.s  work  was  not  at  all,  presumably,  what  Car- 
penter was  led  to  expect  or  Dawson  to  hopt».     He  wrote: 

My  ta«k  was  to  examine  the  Eozoon  from  a  biological  point  of  view.  I  com- 
menced it  with  the  ex{>ectation  that  I  nhould  Hucceeii  in  establishing  it^t  organic 
<»rigin  beyond  all  doubt,  but  facts  le<l  me  to  the  contrary.  When  I  saw  first  tlie 
Ix^autiful  stem  systems  in  Professor  Carpenter's  sections,  I  became  at  once  a  partisan 
of  the  view  of  Professor  Dawson  and  Professor  (^arpenter,  but  the  more  good  8e<*- 
tions  and  isolated  stems  I  examined  the  more  doubtful  became  to  my  mind  the 
organic  origin  of  F^ozoon,  until  at  last  the  most  magnificent  canal  systems  taken  alto- 
gether and  closely  compared  with  foraminiferal  sections  preached  to  me  nothing  but 
the  inorganic  character  of  Eozoon  over  and  over  again. 

Dawson  thereupon  became  particularly  indignant,  and  characterized 
Moebius's  work  as  furnishing  "only  another  illustration  of  partial  and 
imperfect  investigation,  quite  unreliable  as  a  verdict  on  the  (question 
in  hand.-'  He  claimed  that  Moebius  should  have  studied  the  fossil  /;/ 
Hitn  and  in  its  various  stages  of  preservation;  that  he  confounded  the 
"proper  wall''  with  the  chrysotile  veins  traversing  many  of  the  speci- 
n)ens;  and  that,  further,  in  his  criticisms  he  regarded  each  structure 
sepamtely,  and  did  not  "consider  their  cumulative  force  when  taken 
together/'     This  cumulative  force  he  presented  as  follows: 

1.  It  (i.  c,  Kozijim)  occurs  in  i*ertain  layers  of  widely  distributed  limestones,  evi- 
dently of  a()ueous  origin,  an<l  on  other  grounds  presumably  organic. 

2.  Its  general  form,  lamination,  an<l  chaml)ers  resemble  those  of  the  Silurian 
Stromatopora  and  its  allies,  and  of  such  modem  sessile  foraminifera  as  Carpentaria 
and  Pottjtremu. 

8.  It  shows  under  the  micrcxsco|)e  a  tubulate<l  proper  wall  similar  to  that  of  the 
numnmlites,  though  of  even  finer  texture. 

4.  It  shows  also  in  the  thicker  layers  a  secondary  or  supplemental  skeleton  with 
(^nals. 

5.  These  forms  appear  more  or  less  j>erfectly  in  sj)ecimens  mineralized  with  very 
different  substances. 

6.  The  structures  of  Eozo<m  are  of  such  generalize<l  character  as  might  be  exi>ecte<l 
in  a  very  early  Protozoan. 

7.  It  has  Ixjen  found  in  various  parts  of  the  world  under  very  similar  forms,  and 
in  IhhIs  approximately  of  the  same  geological  horizon. 

8.  It  may  Ik?  a<lde<l,  though  jierhaps  not  as  an  argument,  that  the  disi'overy  <»f 
Kozoon  affords  a  rational  motle  of  explaining  the  immense  development  of  lime- 
st<mes  in  the  I-aurentian  age;  and  on  the  other  hand  that  the  various  attempts  which 
have  l)een  made  ti)  account  for  the  structures  of  Koz(M)n  on  other  hypKjtheses  than 
that  of  organic  origin  have  not  l)een  satisfactory  to  chemists  or  mineralogists,  as 
Doctor  Hunt  has  very  well  shown. 

Singularly  enough,  although  found  on  the  Western  Continent, 
active  work  regarding  the  nature  of  the  Eozoon  was  confined  largely 
to  the  (Canadians  and  English,  with  an  (xcasiona!  European  collabora- 
tor, workers  in  the  Tnited  States  biking  little  part  in  the  dispute  so 
far  as  indicat(»d  by  literature,  although  watching  the  cont«\st  with 
interest  and  becoming  more  or  less  partisans,  according  to  the  extent 
of  their  own  observations  or  the  character  of  the  evidence  offered. 
In   ISTI   Messrs.  Hurbank  and  IVrry  made  a  study  of  the  Eozoonak 
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limestone  occurring  at  Chelmsford,  Bolton,  and  Boxboro,  in  Massa- 
chusetts, and  arrived  at  the  conclusion  that  the  limestones  were  not 
themselves  of  a  sedimentary,  but  a  vein-like  character,  and  that  con- 
sequently the  Eozoon  itself,  as  there  occurring,  must  be  of  minei'al 
and  not  organic  origin. 

Meantime  the  study  of  micro-petrography  was  steadily  advancing, 
and  it  was  noticeable  that  none  of  the  workers  along  these  newly 
developed  lines  of  research  were  disposed  to  regard  the  Eozoon  as  of 
other  than  inorganic  origin.  Prof.  T.  (t.  Bonney,  of  St.  John's  Col- 
lege, Cambridge,  England,  who  in  1876  announced  his  opposition  to 
the  theory  of  organic  origin,  in  1884  visited  one  of  the  most  noted  of 
the  Canadian  localities  in  company  with  Doctor  Dawson,  and  published 
the  results  of  his  observations  in  the  Geological  Magazine  for  1895, 
but  contented  himself  with  describing  the  mode  of  occurrence  and 
structure  of  the  mass  without  committing  himself  further  as  to  its 
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Fici.  129.— Diagram  of  eozcMinal  rock  at  C6te  St.  Pierre.  The  closely  dott<?d  part  is  pyroxene  or  scr- 
fteiitine;  the  top  mass  being  about  2  feet  3  inches  long.  The  zones  of  "Eozoon"  are  indicated  by 
the  broken  wavy  lines  generally  surrounding  these  masses.  The  remainder  of  the  rock  ia  white 
crystalline  limestone  spotted  with  granular  serpentine.    (After  T.  G.  Bonney,) 

origin.  From  this  paper  wa.s  taken  the  accompanying  figure.  His 
conclusions  so  far  as  given  were  to  the  effect  that  the  Eozoon  often 
occurs  in  close  relation,  on  the  one  hand,  with  a  fundamental  mass  of 
almost  pure  pyroxene  (or  serpentine  resulting  from  its  alteration);  or, 
on  the  other  hand,  with  a  fairly  large  mass  of  crysbilline  limestone 
containing  more  or  less  numerous  grains  of  pyix)xene  or  serpentine. 
He  found  nothing  to  lead  him  to  think  the  Eozoonal  specimens  were 
blocks  of  foreign  material  metamorphosed  by  becoming  included  in 
either  a  volcanic  or  plutonic  mass  as  has  been  suggested  (see  p.  (>45). 
The  structure,  to  his  mind,  offered  a  choice  between  two  interpretji- 
tions  only.  It  '^is  either  a  record  of  an  organism  or  a  very  peculiar 
and  exceptional  condition  of  a  pyroxene  marble  of  Laurentiau  age." 
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The  fact  that  the  lime-magnesian  pyroxenes,  through  a  process  of 
chemical  metamorpliism,  passed  over  into  serpentine,  and  that  many 
of  the  supposed  sarcode  chambers  were  tilled  with  granules  of  this 
material  in  all  stages  of  this  alteration  was  from  time  to  time  noted 
by  Messrs.  King  and  Rowney,  Julien,  Williams,  Wadsworth,  Merrill, 
and  others.  The  evidence  thus  presented  was,  however,  wholly  with- 
out effect  on  Messrs.  Carpenter  and  Daw^son,  who  to  the  very  last 
remained  true  to  their  convictions,  and  as  late  as  1S95  Dawson  reviewed 
the  subject  with  seeming  thoroughness  and  announced  his  original 
opinion  as  unchanged. 

It  remained,  however,  for  J.  W.  Gregory  and  II.  J.  Johnston-Lavis, 
to  give  the  deathblow  to  the  theor^^  as  late  as  1891  and  1894.  Gregory, 
from  an  exhaustive  study  of  Dawson's  original  specimen  of  the  so-called 
Tudor  Eozoon,  arrived  at  the  conclusion  that  the  same  was  wholly  of 
an  inorganic  nature.  After  a  careful  examination  of  all  the  slides  and 
tigures,  he  wrote: 

I  must  confess  myself  absolutely  unable  to  recognize  in  the  specimen  any  trace  of 
the  proper  wall,  canals,  or  stolon  passages  which  are  claimed  to  ocxiur  in  Kozoon. 

The  case  against  the  organic  nature  of  the  specimen  did  not,  how- 
ever, rest  upon  negative  evidence  alone.  The  rock  was  intensely 
cleaved  and  crumpled.  The  twin  laminje  in  the  planes  of  crystalline 
cleavage  in  the  calcite  bands  were,  however,  not  bent.  Further  than 
this,  the  bedding  plane  could  be  traced  directly  across  the  specimen, 
traversing  the  limestone  in  the  supposed  body  cavities.  These  facts 
would  seemingly  prove  conclusive!}^  that  the  supposed  organic  fonns 
were  not  original,  but  wholl}-  secondary  and  due  to  metamorphism. 

Johnston-Lavis's  later  work  was  perhaps  even  more  decisive,  since 
he  showed  that  structures  in  every  way  similar  could  be  produced  by 
the  action  of  heat  upon  limestone.  His  conclusions  were  based  upon 
an  examination  of  microscopic  slides  from  !»locks  of  limestone  in  the 
volcanic  tuffs  of  Monte  Somma.  To  appreciate  his  evidence  it  nuist 
be  remembered  that  these  blocks  are  ejected  from  the  volcano  and  are 
found  eml)edded  in  a  tuff  consisting  largely  of  pumiceous  lava.  They 
occur  as  irregular,  angular,  or  subangular  masses  ranging  to  more 
than  a  cubic  meter,  though  connnonly  less  than  a  (juarter  of  that  size. 
They  have  been  acted  upon  by  the  heat  and  vapors  of  the  volcano  and 
more  or  less  completely  metiimorphosed,  giving  rise  to  various  silicate 
minemis,  including  pyroxene,  olivine,  epidote,  mica,  etc.  The  struc- 
ture of  these  altered  limestones  is  entirely  different  from  that  of  the 
unaltered  material,  and  corresponds  in  all  details  with  those  of  the 
original  Canadian  specimens,  in  many  cases,  on  account  of  their  fresh- 
ness, exhibiting  some  of  the  pseudo-organic  structure  details—  such  as 
stolon  passages— in  far  greater  perfection  than  does  the  true  so-called 
Eozoon.  ^  , 
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It  1ms  been  noted  that  Ain(»ric'aii  workers  took  coinparativeh'  littlo 
part  in  active  reseaieh,  tliongh  it  does  not  neeessarily  follow  that 
examinations  of  the  problematic  bodies  were  not  made  sutlicient  to 
enable  them  to  hold  opinions  of  their  own.  It  is  interesting,  thei'e- 
fore,  to  note  that  few  of  the  active  workers  accepted  unhesitatinjjfly 
the  organic  theory,  and  many  of  them  rejected  it  entirely.  The  con- 
sensus of  opinion  to-day  is  so  decidedly  against  the  organic  nature  of 
the  body  that  it  may  1k»  considered  as  practicall}^  settled,  although 
Dana,  in  the  latest  issue  of  his  Manual,  includes  a  copy  of  one  of 
Dawson's  original  figures,  and  siuus  up  the  evidence  pro  and  con 
without  prejudice. 

There  is  apparently  no  doubt  but  that  this  simulative  form  is  due 
merely  to  a  process  of  chemical  metamorphism,  a  process  of  indefinite 
substitution  and  replacement,  technically  inefaxontatoiflH^  acting  upon 
rocks  which  are  granular  aggregates  of  linie-magnesian  pyroxenes, 
with  more  or  less  calcareous  matter,  the  serpentine  being,  in  all  cases, 
secondary.  Such  an  origin  is  suggested  at  once,  even  to  the  uniniti- 
ated, by  reference  to  figures  like  that  of  Bonney's,  on  page  H4-lr. 
Similar  structures  have,  moreover,  been  noted  by  various  observers 
in  rocks  which  were  unmistakably  of  igneous  origin. 

Specialization  is,  undoubtedly,  essential  to  the  rapid  advancement  of 
knowledge,  but  there  is  danger  of  specialization  being  carried  too  far — 
danger  that  the  individual,  through  insufficient  breadth  of  training  or 
through  too  close  application  to  his  own  particular  hobby,  may  ignore 
the  work  of  his  neighbor  along  other  lines,  and  perhaps  in  time 
become  so  immune  as  to  be  unable  to  appreciate  that  work,  even  when 
its  details  are  laid  before  him. 

In  the  review  of  the  Eozoon  question,  nnichmust  be  allowed  for  the 
growth  of  science— the  gradual  increase  in  knowledge  regarding  l)oth 
mineral  structure  and  mineral  alteration.  Still,  one  who  peruses  these 
papers  can  but  feel  that  had  Messrs.  Dawson  and  Carpenter  had  a  little 
more  knowledge  of  minemlogy  they  would  have  been  less  dogmatic 
in  their  assertions,  and  it  is  possible  that  had  Messrs.  King  and  Row- 
ney  had  more  knowledge  of  foraminiferal  structure  they  might  have 
been  less  harsh  in  their  critic'isms. 

'•  *  My  children,'  the  rhameleoii  cries, 
(Then  first  the  creatnre  fonnd  a  tonjrtie, ) 
'  You  all  are  right  and  all  are  wronp. 
When  next  yon  talk  of  what  you  view, 
Think  others  see,  as  well  as  you, 
Nor  wontler,  if  you  find  that  none 
l^refers  your  eyesight  to  his  own.'  " 
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CHAPTER  X. 

THE   LARAMIE  QUESTION. 

It  will  be  recalled  that  Hayden,  in  his  annual  report  for  1872, 
referred  to  the  fact  that  duringhisexplorations  of  the  Tertiary  forma- 
tions along  the  upper  Missouri  River  in  1854-56  he  made  large  collec- 
tions of  shells  and  plants,  many  of  which  were  quite  new  to  science. 
During  the  succeeding  ye^rs  up  to  the  autumn  of  1860  these  explorations 
wei'e  extended  and  large  additions  made  to  the  collections,  which  were 
described  from  time  to  time  in  the  current  literature. 

The  shells  were  all  of  extinct  species  of  fresh-water  origin  and,  while 
they  did  not  appear  to  be  positively  characteristic  of  any  age,  were 
regarded  by  Meek  as  more  nearly  resembling  Tertiary  types  than 
any  other.  The  fossil  plants  were  mostly  of  extinct  species  and 
regarded  by  Newberry  as  also  of  Tertiary  age,  probably  Mim^ene. 

From  evidence  of  this  kind,  accumulated  during  the  various  expe- 
ditions, Hayden  had  announced  the  conviction  that  these  Llgnifte 
strata,  as  he  called  them,  which  had  been  found  to  occupy  such  vast 
areas  in  the  upper  Missouri  Valley — extending  far  southward,  with 
very  little  interruption,  to  New  Mexico,  and  westwaixl  into  the  interior 
of  the  continent-^ were  probably  all  portions  of  one  great  group,  inter- 
rupted here  and  there  by  mountain  chains  or  concealed  by  more  modern 
deposits,  and  from  the  identity  of  their  fossil  flora,  all  of  Tertiary  age. 

He  then  went  on  to  state  that  his  studies  of  the  lower  coal  beds  at 
Rear  River  City,  Wyoming,  and  Coalville,  Utah,  in  1868,  had  con- 
vinced him  that  these  particular  bods  were  of  Cretaceous  age,  but 
admitting  this,  ho  felt,  would  be  to  admit  the  Cretaceous  age  of  all 
the  coal  beds  of  the  Northwest,  and  in  so  doing  to  ignore  the  evidence 
of  the  fossil  flora  altogether.  The  facts  then  at  hand,  he  thought, 
seemed  rather  to  point  to  the  conclusion  that  the  deposition  of  all  the 
Lignitic  stmta  began  during  the  latter  portion  of  the  Cretaceous 
period  and  continued  on  into  Tertiary  time  without  any  marked  physi- 
cal break,  so  that  many  of  the  ( -retaceous  types,  especially  of  the 
vertebrata,  may  have  lingered  on  through  the  tmnsition  period,  ^\^\\ 
into  the  Tertiary  epoch.  Inasmuch  as  this  statement  contains  the  fii'st 
satisfactory  recognition  of  the  full  importance  of  what  later  became 
known  as  the  Laramie  question,  and  inasmuch,  further,  as  the  dis- 
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cu8sion  brought  out  many  interesting  facts  and  opinions  relative  to 
the  proportional  value  of  the  various  kinds  of  fossil  remains  as  horizon 
markers,  the  subject  may  be  dwelt  upon  in  some  detail. 

It  is  well  to  anticipate,  however,  in  order  to  more  readil}'  understand 
what  is  to  follow,  that  Hayden  made  a  fundamental  error  in  thus 
•assuming  an  identity  of  age  for  all  the  lignite  strata.  Had  he  realized 
the  fact,  afterwards  abundantly  proven,  that  essentiall}'  similar  condi- 
tions existed  at  various  periods  in  localities  not  widely  remote  from 
one  another,  and  which  were  productive  of  very  similar  results,  the 
so-called  ''Laramie  question,*"  as  it  is  known  to-day,  would  never  have 
arisen.  The  apparently  conflicting  character  of  the  fossil  remains  of 
plants  and  animals  was,  nevertheless,  extremely  confusing,  and  some 
discussion  and  verbal  warfare  during  the  gradual  accumulation  of  the 
necessary  data  for  the  final  settlement  of  the  problem  was  bound  to 
arise.  It  will  be  well  to  note,  further,  that  the  localities  from  whence 
was  derived  the  major  portion  ^of  the  evidence  brought  to  bear 
were:  Fort  Union,  Nebraska;  the  Judith  River,  on  the  upper  Missouri, 
Montana;  Coalville,  Utah;  and  Bear  River  and  Bitter  Creek,  in 
Wyoming.  Incidentally,  other  localities  in  Colorado  and  New  Mexico 
came  in  for  discussion. 

During  the  season  of  1872  Lesquereux,  Meek,  and  Cope  were  assigned 
by  Hayden  to  work  in  areas  which  seemed  to  aflford  the  most  promising 
opportunities  for  deciding  the  question  as  to  the  precise  position  of 
the  beds  in  the  geological  scale.  Their  reports  as  rendered  in  the 
annual  reports  for  1872-73  were  widely  divergent  and  did  little  more 
than  to  emphasize  the  existing  confusion. 

Lesquereux  worked,  of  course,  wholly  from  a  paleobotanical  stand- 
point. He  explored  the  plant-bearing  Oetaceous  strata  of  the  Dakota 
group  and  the  valley  of  the  Saline  River,  an  well  as  the  Smoky  Hill 
Fork  of  the  Kansas  River  and  the  Lignite  formations  of  the  Rocky 
Mountains  from  Trinidad  to  Cheyenne  and  along  the  Union  Pacific 
Railroad  to  Evanston.  He  made  extensive  collections  and  studied  the* 
materials  in  great  detail,  comparing  the  forms  found  with  those  from 
sundry  of  the  known  geological  horizons  in  Europe.  The  sunmmry 
of  his  conclusions,  as  given  in  his  own  words,  was  to  the  effect 

That  the  great  Lignitic  group  must  l)e  considered  as  a  whole  and  weU-characterize<l 
formation,  limited  at  its  base  by  the  fucoidal  sandstone,  at  its  top  by  the  conglom- 
erate beds;  that  independent  from  the  Cretaceous  under  it  and  from  the  Mio<'ene 
al)ove  it  oiir  Lignitic  formations  rej)resent  the  American  l>)cene. 

Meek  regarded  the  Coalville  and  Bear  River  beds  as  Cretaceous, 
but  argued  for  the  Bitter  Creek  beds  that  the  entire  absence  among 
the  invertebrate  fossils  yet  found  of  Jii(nd!t<H^  Scdphltta^  AvcyloceniH^ 
I^ychoeeras^  AimnoniteH^  Gyrode^s^  Anchura^  Inoceratnuf<^Sind  all  of  the 
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other  long  list  of  genera  characteristic  of  the  Cretaceous  certainl}'  left 
its  moUuscan  fauna  with  strong  Tertiary  facies.  When,  however,  he 
came  to  consider  these  fossils  in  their  specific  relation  he  found  that 
all,  with  possibly  two  or  three  exceptions,  were  new  to  science  and 
quite  different  from  those  yet  found  either  at  Bear  River  or  Coalville, 
or,  indeed,  elsewhere  in  any  of  the  established  horizons.  He  felt, 
therefore,  that  he  could  scarcely  more  than  conjecture  from  their 
specific  affinities  to  known  forms  what  the  probable  age  of  the  rocks 
might  be  in  which  they  were  found.  He,  however,  called  attention 
to  the  following  facts  relative  to  the  age  of  the  formation  as  found  at 
Bitter  Creek: 

First.  That  it  was  conformable  to  an  extensive  fresh-water  Tertiary 
formation  above,  from  which  it  did  not  differ  materially  in  lithological 
characters  except  in  its  containing  numerous  beds  of  coal. 

Second.  That  it  seemed  also  to  be  conformable  to  a  somewhat 
differently  composed  group  of  strata  below,  apparently  containing 
little,  if  any  coal,  and  believed  to  be  of  Cretaceous  age. 

Third.  That  it  showed  no  essential  difference  of  lithological  char- 
acters from  the  Cretaceous  coal-bearing  rocks  at  Bear  River  and 
Coalville. 

Fourth.  (Omitting  references  to  Lesquereux's  determinations)  that 
all  its  animal  remains  thus  far  known  were  specifically  different  from 
any  of  those  found  in  any  other  formation  of  this  region,  with  possibly 
two  or  three  exceptions. 

Fifth.  That  all  its  known  invertebrate  remains  were  mollusks,  con- 
sisting of  about  thirteen  species  and  varieties  of  marine,  brackish, 
and  fresh-water  typos,  none  of  which  belonged  to  genera  peculiar  to 
the  Cretjiceous  or  any  older  rocks,  l)ut  all  to  such  as  are  alike  common 
to  the  Cretaceous,  Tertiary,  and  pi'esent  epochs,  with  possibly  one 
exception. 

Sixth.  That,  on  the  other  hand,  two  or  three  of  its  species  belong 
to  sections  or  subgenera  apparently  characteristic  of  the  Eocene- 
Tertiary  of  Kurope,  and  even  very  closely  allied  to  species  of  that  age 
found  in  the  Paris  basin,  while  one  species  seemed  to  be  conspecific 
with  and  two  congeneric  with  forms  found  in  brackish- water  l>eds  on 
the  upper  Missouri  containing  vertebrate  remains  most  nearly  allied 
to  types  hitherto  deemed  characteristic  of  the  Cretaceous. 

Seventh.  That  one  species  of  Anomia  found  in  it  is  very  similar  to 
and  perhaps  identical  with  a  Texas  Cretaceous  shell,  while  a  VkujmrU'^^ 
found  in  one  of  the  upper  beds,  is  almost  ctM-tainly  identical  with 
the  V.  trochifo?'i/f/M  of  the  fresh-water  Lignite  formations  of  the 
uj)per  Missouri,  a  formation  which  has  always  been  considered  as 
Tertiary. 
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He  smunied  up  his  evidence  a^  follows:  It  thus  l)eeoiHes  manifest 
that  the  paleoiitologicul.  evidence  bearing  on  the  question  of  the  age 
of  this  formation,  so  far  as  yet  known,  is  of  a  very  conflicting  nature; 
though  aside  from  the  Dinosaur  bones  (found  by  him  at  Black  Butte 
in  1872)  the  organic  remains  favor  the  conclusion  that  it  is  Tertiary. 
The  testimony  of  the  plants,  however,  on  this  point,  although  they 
doubtless  represent  what  would  l>e  m  Europe  considered  as  clearly  a 
Tertiary  flora,  is  weakened  by  the  fact  that  we  alread}^  know  that 
there  is  in  Nebraska,  in  clearly  Cretaceous  rocks,  a  flora  that  was 
referied  by  the  highest  European  authority  to  the  Miocene. 

In  the  report  for  1873  (printed  in  1874)  Lesquereux  returned  once 
more  to  the  subject  and  answered  more  or  less  satisfactorily  various 
objections  which  had  been  made  to  his  previous  conclusions.  He 
referred  to  the  Eocene  (Lower  American  Eocene)  all  the  coal  strata 
of  the  Raton  Mountains;  those  of  the  Canyon  City  coal  basin;  those  of 
Colorado  Springs;  those  of  the  whole  basin  of  central  and  north  Col- 
orado extending  from  Platte  River  or  from  the  Pinery  divide  to  south 
of  Cheyenne,  including  Golden,  Marshall,  Bowlder  Valley,  Sand 
Creek,  etc.;  and  in  Wyoming,  the  Black  Butte,  Hallville,  and  Rock 
Spring  coal.  He  considered  as  American  Upper  Eocene  or  Lower 
Miocene  the  coal  strata  of  Evanston,  and  from  identity  of  the  chamc- 
ters  of  the  flora,  those  6  miles  above  Spring  Canyon  near  Fort  Ellis, 
those  of  the  locality  marked  near  Yellowstone  Lake  among  basaltic 
ro<*ks,  and  those  of  Troublesome  Creek,  Mount  Brosse,  and  Elk  Creek, 
Coloi-ado.  The  coal  from  Bellingham  Bay,  in  Washington,  he  would 
also  refer  to  the  same  horizon.  To  the  Middle  Miocene  he  would 
refer  the  coal  basin  of  Carbon  and  those  of  Medicine  Bow,  Point  of 
Rocks,  and  Rcwk  Creek;  to  the  Upper  Miocene,  the'  coal  of  Elko 
Station,  Nevada. 

Concerning  the  evidence  of  invertebrates  regarding  the  Cretaceous 
age  of  these  beds,  he  simply  remarks: 

I  regarded  and  ntill  regard  the  presence  of  some  seatterefi  fragments  of  Cretaceous 
shells  as  of  little  moment  in  comparison  with  the  well-marked  characters  of  the  flora, 
characters  which  have  been  wholly  established  by  a  large  numl)er  of  s|)ecimen8 
obtained  from  all  the  l(x*alities  referred  to  the  Lignitic. 

Cope,  in  his  report  for  this  same  year,  was  inclined  to  agree  with 
Ilayden  in  thinking  that  the  i>eriod  of  the  deposition  of  the  sediments 
of  this  Lignite  or  Fort  I'nion  group,  as  it  was  also  called,  was  one  of 
transition  from  marine  to  lacustrine  conditions  and  added: 

It  apiH»ars  imi)08sible,  therefore,  to  draw  the  line  satisfactorily  without  the  aid  of 
paleontology,  but  here,  while  evidence  ol  interrnption  is  clear  from  the  relations  of 
the  plants  and  vertel)rate  animals,  it  is  not  identical  in  the  two  cases,  but  discre{)ant. 

He  then  went  on  to  discuss  the  evidence  as  given  by  the  various 
workers,  and  referring  to  Les(|uereux  and  Newberry's  opinions,  based 
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upon  the  Horji,  to  the  effect  that  the  whoh'  series  of   format  ions  is  of 
TertiaiT  age,  sunnued  uj)  his  results  as  follows: 

1  regard  the  evidenc.'e  derived  from  the  inolluskH  in  the  lower  l)edH  and  the  verte- 
brates in  the  higher  a«  equally  conchiflive  that  the  beds  are  of  Cretat*eons  age.  There 
is,  then,  no  alternative  but  to  accept  the  results  that  a  Tertiary  flora  was  contempo- 
raneous with  a  Cretaceous  fauna,  establishing  an  uninterrupte<l  succession  of  life 
across  what  is  generally  regarded  as  one  of  the  greatest  breaks  in  geological  time. 

Practically  the  same  conclusion  was  independently  arrived  at  by 
King  in  his  study  of  the  Green  River  coal  l^asin  in  connection  with  the 
surveys  of  the  fortieth  parallel."     He  wrote: 

We  have,  then,  here  the  uppermost  members  of  the  Cretaceous  series  laid  down  in 
the  i)eriod  of  oceanic  sway  and  quite  freely  charge<l  with  fossil  relics  of  marine  life; 
then  an  uninterrupted  passage  of  comformable  l)e<ls  through  the  brackish  period  up 
until  the  whole  Green  River  basin  l)ecame  a  single  sheet  of  fresh  water. 

It  will  be  seen  then  that  the  transitional  character  of  the  beds  was 
very  generally  recognized,  thp  main  point  in  dispute  from  now  on  being 
that  of  their  Upper  Cretaceous  or  Lower  Tertiary  age. 

A.  R.  Marvine,  in  his  report  for  this  ye^r  (1873),  also  discussed  the 
problem,  but  somewhat  guardedly,  since  his  opportunities  for  obser- 
vation had  confessedly  l)een  somewhat  limited.  He  wrote,  after 
summarizing  the  opinions  of  others: 

It  must  be  supposed,  then,  that  either  a  Cretaceous  fauna  extended  forward  into 
the  Eocene  i)erio<l  and  existed  contem()oraneously  with  an  lC<H'ene  flora,  or  else 
that  a  flora  wonderfully  prophetic  of  P^ocene  times  anticipated  its  age  an<l  flourishtni 
in  the  Cretat*eous  [leriod  to  the  exclusif)n  of  all  Cretaceous  plant  forms. 

Again,  and  nuicli  more  to  the  point,  he  wrote: 

Much  of  the  confusion  and  discre|>ancy  has,  in  my  opinion,  arisen  from  regarding 
different  horizons  as  one  and  the  same  thing.  It  must  Ik;  distinctly  understocid  that 
this  group  as  it  exists  ea*<t  of  the  mountains  in  Colorado  is  very  different  frou),  aud 
must  not  be  confounded  with,  the  horiz<m  in  which  much  of  the  Utah  and  New 
Mexican  lignite  occurs,  and  whicli  l)elongs  undoubtedly  to  the  Lower  Cretaceous; 
and,  further,  that  the  extended  explorations  of  Hayden  and  others  woul<l  seem  to 
prove  almost  conclusively  that  the  Colorado  lignite  group  is  the  direct  southern 
stratigraphical  e«piivalent  of  the  Fort  Union  gronp  oi  the  upi)er  Missouri,  which  is 
(•onsidere<l  generally  to  l)e  no  older  than  the  l*2ocene,  while  Newl)erry  asserts  that  it 
is  Miocene. 

To  Lesquereux's  conclusions  in  the  report  for  1872,  Newlierry,  in 
an  article  in  the  American  Journal  of  Science,  1ST4,  took  exception, 
calling  in  question  the  accumcy  of  many  of  his  statements,  and  affirm- 
ing that,  to  his  ^'certain  knowledge,'' a  considerable  portion  of  the 
flora  he  called  Eocene  was  really  (Cetaceous  and  another  [M)rtion 
Miocene.  Further  than  that,  having  sjKMit  nearly  two  years  in  New 
Mexican  explorations,  he  felt  authorized  to  state  that  all  the  lignite 
beds  yet  known  in  New  Mexico  were  unmistakably  of  C'retiiceous  age. 
While,  through  lack  of  ac<|uaintance  with  the  Cx>lonido  localitie.-  cited 
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by  Lesquereux,  he  would  not  venture  to  doubt  the  truth  of  his  asser- 
tions regarding*  the  same,  he  nevertheless  reminded  him  that:  (1)  The 
flora  of  the  Colorado  lignite  beds  had  almost  nothing  in  common  with 
that  of  the  European  Eocene,  in  his  judgment  not  a  single  species  and 
scarcely  any  genera  being  common  to  both;  (2)  that  the  tuberculated 
fucoid  (Ilalymenites),  considered  by  Lesquereux  as  diagnostic  of  the; 
Eocene,  was  really  in  New  Mexico  the  most  characteristic  fossil  of  the 
Cretaceous;  and  (3)  that,  guided  by  their  animal  remains,  Professors 
Marsh,  Meek,  Cope,  and  Stevenson  had  all  regarded  the  Colorado 
lignites  as  Upper  Cretaceous. 

Newberry  further  contended  that  in  the  plant  beds  which  he  had 
himself  designated  as  Miocene  the  entire  aspect  of  the  flora  was  iden- 
tical with  the  Miocene  of  Europe,  and  contained  a  very  considerable 
number  of  well-mar  iced  Miocene  species,  not  one  of  which  deserved  to 
be  called  Eocene.  The  lignite  plant  beds  of  New  Mexico,  which  he 
called  Cretaceous  but  which  Lesquereux,  referred  to  the  Tertiary, 
were  for  the  most  part  derived  from  the  lower  portions  of  our  Creta- 
ceous series,  and  were  overlaid  by  many  hundreds  of  feet  of  unques- 
tionable Cretaceous  strata  in  which  all  the  typical  Cretaceous  forms 
were  represented. 

He  further  announced  the  principle  that: 

In  the  absence  of  any  distinctive  or  unmistakably  Eocene  plants,  if  the  strata 
which  contain  them  (the  lignite  deimsit^)  shall  be  found  to  include  vertebrates  or 
molusks  which  have  a  <le(ndcHily  Mesozoic  aepect,  we  shall  have  to  include  them  in 
the  Cretaceous  system. 

To  Lesquereux's  claim  that  the  testimony  of  his  250  specias  of  fossil 
plants  far  outweigh  that  of  the  Cretaceous  mollusks,  he  rejoined  that 
these  plants  were  probably  all  distinct  from  European  Cretac^eous  and 
P^ocene  species  and  had  little  or  no  }>earing  on  the  question  in  hand. 
He  a<'knowledged  it  was  not  impossible  that  the  physical  condition  of 
the  continent  may  have  b(»en  such  that  the  Cretaceous  age  faded  grad- 
ually into  the  Tertiary,  and  that  consequently  some  forms  of  Creta- 
ceous life  might  be  found  interlocking  with  those  of  Tertiary  age,  but 
of  this  he  demanded  proof,  and  asserted  that  as  yet  none  such  had 
l)een  found. 

J.  J.  Stevenson,  meeting  with  these  same  beds  in  his  work  in  con- 
nection »vith  the  Wheeler  Survey  (1874),  pronounced  in  favor  of  their 
Upper  Cretaceous  age.  As  for  the  nodose  fucoid  Halymenites,  he 
agreed  with  Newberry  that  it  was  not  indicative  of  their  Eocene  age, 
since  it  was  never  found  with  any  but  a  C'retaceous  fauna.  Neither 
was  the  evid(»nce  of  the  land  plants  acc^eptable  to  him,  the  materials 
being  mostly  single  leaves  and  in  a  state  of  preservation  showing  that 
they  had  been  blown  from  trees  growing  near  streams  or  cm  the  shore, 
where  they  were  washed  into  the  sea  and  f)ecame  associated  with  at 
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least  one  fossil  identified  with  the  Cretaceous,  and  a  few  of  which  were 
identical  with  European  species. 

It  was  more  reasonable,  he  thought,  to  suppose  that  in  the  later 
portion  of  the  Cretaceous  period  the  climate  in  our  northwestern 
rejifion  was  like  that  of  the  European  Eocene  than  to  imagine  that  our 
Cretaceous  fauna  is  useless'  for  determination  of  horizon  in  the  narrow 
strip  east  of  the  mountains  in  Colorado,  while  acknowledging  it  to  be 
ilecisively  of  Cretaceous  age  in  New  Mexico,  the  rocks  being  the  same, 
but  the  leaves  being  absent. 

To  Newberry's  criticisms  Lesquereux  replied"  that  the  Cretaceous 
age  of  the  so-called  halymenites  sandstone  had  not  yet  been  proven 
and  could  not  be  decided  on  mere  affirmation;  but  that  when  Doctor 
Newberry  had  furnished  sufficient  proof  or  evidence  on  the  geological 
age  of  the  lignites  of  New  Mexico  he  was  prepared  to  accept  his  deci 
sion.  The  quoted  opinions  of  Marsh,  (^pe,  and  Stevenson  he  claime<l 
were  based  on  insufficient  evidence.  AH  the  repeated  assertions  of 
the  finding  of  fossil  shells  and  bones  of  Cretaceous  age  in  the  lignites 
of  Colorado,  when  carefully  sifted  down,  reduced  themselves  to  the 
finding  of  a  single  badly-preserved  specimen  of  Inoct^mmm, 

He  asserted  that  the  lignitic  formation,  having  positively  a  pre- 
ponderance of  land  plants  over  marine  animals,  in  other  words,  being 
composed  wholly  of  detritus  from  the  land  or  a  land  fim nation^  as  he 
styled  it,  the  evidence  presented  by  the  fossil  plants  should  outweigh 
in  importance  that  of  some  Cretaceous  animal  remains,  whose  presence 
could  be  considered  as  of  casual  occurrence.  Cope's  conclusions,  he 
argued,  did  not  in  the  least  interfere  with  his  own,  simply  proving  the 
noncoincidence  of  animal  and  vegetable  types  in  certain  formations, 
but  if,  he  added: 

Tertiary  and  Cretaceous  faiinaH  are  regarded  as  contemporaneoufii,  even  inhabiting? 
the  same  repositories,  we  may  more  easily  twimit  that  a  Cretaceous  fauna  and  Ter- 
tiary flora  have  sometimes  succeeded  e^*h  other  in  alternating  strata. 

Lesquereux  further  contended  that  the  specimens  on  which  Doctor 
Newberry  had  relied  to  substantiate  the  sum  of  the  opinions  he 
advanced  had  become  mixed  and  had,  in  reality,  come  from  different 
locHlities  and  represented  different  horizons. 

In  his  report  for  1874  (letter  of  tranvsmittal  written  in  October, 
1875)  Hayden  took  up  the  matter  once  more,  with  particular  reference 
to  the  results  of  investigations  in  Colorado.  These  he  felt  warmnted 
him  in  drawing  the  following  conclusions: 

First.  That  through  the  upper  portion  of  the  Fox  Hill  group  (Cre- 
taceous) there  aie  clear  proofs  of  a  radical  ph3\sical  change,  usually 
with  no  break  in  the  se(|uence  of  time.     In  this  portion  of  the  group 
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aiv  well -marked  C'letaceous  fos8il?<  of  purely  marine  types  and  no 
others. 

8<^c()nd.  That  above  the  Fox  Hill  jrroiip  there  are  al)out  2()0  feet  of 
barren  beds,  whieh  mi^ht  be  regarded  as  IhkIs  of  passage  to  the  lignitie 
group  and  which  more  properly  l)elong  with  the  Fox  Hill  group  below. 
In  this  group  of  transition  !)eds  all  trace  ()f  the  abundant  inveitebrnte 
life  of  the  great  Cretaceous  series  Inflow  has  disappeared. 

Third,  in  almost  all  cases  he  found,  at  the  base  of  the  true  Lignitie 
group,  a  bed  of  sandstone  in  whieh  the  tirst  deciduous  leaves  peculiar 
to  the  group  occur.  No  purely  marine  mollusks  pass  above  this  hori- 
zon. Estuary  or  brackish- water  shells  are  found  in  many  localities  in 
great  abundance,  but  these  soon  disappear  and  are  succeeded  farther 
north  by  fossils  of  purely  fresh-water  origin.     He  added: 

Wliatever  view  we  may  take  in  regard  to  the  age  of  the  Ijignitic  group,  we  may 
certainly  elaim  that  it  forma  one  of  the  time  l)oundarie8  in  the  geological  history  of 
our  western  continent.  It  may  matter  little  whether  we  call  it  Upper  Cretaceous  or 
Tjower  l^ocene,  so  far  as  the  physical  result  is  con<'erned.  We  know  that  it  plays  an 
important  and,  to  a  certain  extent,  an  inde|)endent  part  in  the  physical  history  of 
the  growth  of  the  continent.  Even  the  vertebrate  paleontologists,  who  pronomu-e 
with  great  iK)8itiveness  the  Cretaceous  age  of  the  Lignite  group,  do  not  claim  that  a 
single  species  of  vertebrate  animals  passes  al>ove  the  horizon  I  havedefintHl  from  the 
well-marke<l  Cretaceous  group  below. 

Peale,  in  his  rej)ort  for  that  3"ear,  threw  a  ray  of  light  upon  the  sub- 
ject by  suggesting  that  the  reason  of  the  difference  of  opinion  ivs  to  the 
age  of  the  disputed  beds  might  be  the  existence  of  two  sets  of  lignite- 
bearing  beds  close  together,  one  belonging  to  the  horizon  of  the  Fox 
Hill  beds  of  the  ('retaceous,  or  possibl}'  a  little  above  it,  and  the  other 
belonging  to  the  horizon  of  the  Fort  Union  group  (Lower  ^k)cene). 
He  incidentally  chilled  up  the  question  relati\  e  to  the  value  of  different 
types  of  fossils  as  criteria  in  determining  the  precise  geological  horizon. 

He  sunnned  up  his  own  conclusions  as  follows: 

First.  The  I  ignite- bearing  l>eds  east  of  the  mountains  in  Colorado  are  the  tHpiiva- 
lent  of  the  Fort  Tnion  group  of  the  up|)er  Missouri,  and  are  l*>M*ene-Tertiary;  also, 
that  the  lower  part  of  the  group,  at  least  at  the  locality  two  hundred  miles  east  of  the 
mountains,  is  the  ecjuivalent  of  a  part  of  the  Lignitie  strata  of  Wyoming. 

Secoml.  The  .Tudith  River  beds  have  their  ecjuivalent  along  the  eastern  etlge  of 
the  mountains  below  the  Lignite  or  Fort  t'nion  group,  and  also  in  Wyoming,  and 
are  Cretaceous,  although  of  a  higher  horizon  than  the  coal-lxiaring  strata  of  Coalville 
and  Bear  River,  Utah.  They  form  either  the  up|>er  part  of  the  Fox  Hill  group  or 
a  group  <'alled  "Numl)er  Six." 

In  his  annual  report  to  Hayden  for  the  same  year  (1874,  printed  in 
LST5),  Les(|uereux  went  over  all  the  ground  once  more,  showing  to  his 
own  satisfaction,  presumably,  the  conclusive  character  of  the  evidence 
offered  by  fossil  ])lant  remains,  and  aimounced  again  his  conviction  to 
the  effect  that  the  authority  of  animal  nMuains  should  l>e  unquestiomnl 
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SO  fur  as  it  relates  to  marine  formations,  hut  when  land  formations  are 
considered,  the  plant  remains  should  he  ^^iven  precedence." 

Meanwhile,  Dr.  C.  A.  White,  paleontoloj^ist,  hecame  connected  with 
the  Hayden  survey,  heinj^  assigned  foT  his  tii*st  season's  work  (1S77) 
to  the  area  of  northwestern  Coloi'ado.  In  this  connection  he  came 
(juickly  in  contact  with  the  problem  we  have  been  discussing,  and 
early  committed  himself  in  favor  of  the  post-Cretaceous  age  of  the 
beds  in  question. 

He  argued  that  it  was  a  well-known  fact  that  the  evolutional  advance 
of  the  vegetable  kingdom  had  been  greater  on  this  continent  than  in 
Europe.  Hence,  a  student  of  the  flora  of  the  American  strata,  using 
a  series  of  European  standards,  would  naturally  refer  those  which  he 
found  to  contain  certain  vegetable  forms  to  the  Tertiary  periwl,  while 
the  associated  or  superim|)osed  remains  of  animal  life  might  all  show 
them  to  be  of  Cretaceous  age,  according  to  the  same  series  of  Euro- 
jKmn  standards. 

Taking  into  consideiiition  the  fact  that  the  physical  changes  which 
took  place  in  western  North  America  during  the  Mesozoic  and 
Cenozoic  periods  were  very  gradual  and  without  any  important  break, 
he  would  be  led  to  exjMJct  to  find  those  animals,  whose  existence  was 
not  necessarily  affected  by  a  change  from  a  saline  to  a  fresh  condition 
of  the  waters,  to  have  propagated  their  respective  types  beyond  the 
period  which  those  types  in  their  culmination  distinctly  characti^rized. 
For  this  reason  he  felt  that  these  perpetuated  types  did  not  necessarily 
prove  the  Cretaceous  age  of  the  strata,  they  being  evidently  the  last 
of  their  kind,  and  l)ecause,  moreover,  all  the  other  known  fossil 
remains  of  the  group  indicated  a  later  period.  He  would,  therefore, 
refer  the  beds,  which  had  now,  according  to  an  agreement  between 
King  and  Hayden,  become  known  as  the  Laiuimli'^  to  a  post-Cretaceous 
age. 

Referring  again  to  the  matter  in  his  report  for  1S77,  White  conceded 
that  ('retaceous  types  (dinosaurs)  of  vertebrate  animals  were  found  in 
the  higher  stmta  of  the  Laramie  group  and  did  not  question  the  cor- 
rectness of  referring  the  plant  remains  even  of  the  very  lowest  beds 
to  the  Tertiary;  noting  also  that  the  invertebrate  fossils  were  indeci- 
sive, since  the  species  were  new  to  science  and  could  not  be  safely 
compared  with  those  found  elsewhere.  Without  conmiitting  himself, 
he  then  offered  a  suggestion  in  effect  as  follows:  Since  none  of  the 
American  Cretaceous  could  be  considered  as  equivalent  to  the  Lower 
CVetaceous  of  other  part^  of  the  world,  but  must  l>e  considered  as 

«  Marsh,  it  may  be  noted  inciilentally,  in  1877,  in  discussing  the  problem  of  the 
lK)undary  between  the  Cretaceous  and  Tertiary,  announced  that  in  his  opinion  the 
evidence  of  the  numemus  vertebrate  remains  was  decisive  in  favor  of  the  Cretaceous 
view. 
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Upper  Cretaceous,  these  Laramie  rocks  which,  if  Cretaeeoun  at  all, 
were  ceiiainly  at  the  very  top  of  the  Upper  Cretaceous,  must  repre- 
sent a  great  and  important  period  wholly  unrepresented  in  any  other 
part  of  the  world. 

Further,  the  tinding  of  evidence  of  an  abundant  mammalian  life 
(Tertiary)  immediately  following  the  Lammie  period,  which  in  itself 
contained  only  Cretai*eous  vert<»brate  remains  (dinosaurs),  suggest-ed 
to  him  a  sudden  ushering  in  of  the  Tertiary  types  which  could  be 
accounted  for  only  on  the  supposition  that  such  originated  elsewhere, 
and  were  contemporaneously  in  existence  with  the  Cretaceous  forms, 
i.  e.,  prior  to  the  close  of  the  Lammie  period.  Their  apparent  sudden 
appearance  could  then  be  accounted  for  on  the  supposition  that  the 
physical  barrier  was  removed  by  some  of  the  various  earth  movements 
connected  with  the  evolution  of  the  continent. 

To  these  same  opinions  he  held  in  his  report  for  1878,  adding  that, 
if  the  conclusions  of  all  the  leading  paleontologists  regarding  the 
Eocene-Tertiary  age  of  the  Wasatch,  Oreen  River,  and  Bridger  groups 
be  accepted,  "'then  is  there  additional  evidence  of  the  correctness  of 
the  view  that  the  Laramie  is  a  transitional  group  between  the  Creta- 
ceous and  Tertiary,  partaking  of  the  faunal  characteristics  of  both 
periods." 

Hayden,  in  his  report  for  this  year  (1878),  argued  that  the  Fort 
Union  beds  of  the  upper  Missouri  River  are  the  equivalent  of  the 
Lignitic  formation,  as  it  exists  along  the  base  of  the  Rocky  Mountains 
in  Colorado,  and  of  the  Bitter  Creek  series  west  of  the  mountains; 
also  that  it  was  probable  that  the  brackish- water  beds  on  the  Upper 
Missouri  must  be  correlated  with  the  Laramie,  and  that  the  Wasatch 
group,  as  now  defined,  and  the  Fort  Union  group  are  identical  as  a 
whole,  or  in  part,  at  least. 

In  his  report  on  the  systematic  geology  of  the  Fortieth  Parallel 
Survey  (1878),  King  again  attacked  the  advocates  of  the  Eoc^ene  age  of 
these  beds.  lie  reviewed  the  evidence  and  announced  his  convictions, 
as  before,  in  favor  of  their  being  Cretaceous. 

He  agreed  with  Hayden  in  regarding  the  Laramie  and  underlying 
Fox  Hill  as  strictly  conformable,  but  found  a  very  decided  unconf orma- 
bility  between  the  uppermost  Laramie  containing  the  dinosaur  remains 
and  the  immediately  overlying  rocks  of  the  Vermilion  Creek  group, 
which  carried  mammalian  remains.  The  unconformity  here  mentioned 
for  the  first  time  is,  with  the  exception  of  the  suggestion  made  by  Peale, 
perhaps  the  most  important  feature  yet  introduced  into  the  discussion, 
and  it  is  probable,  as  elsewhere  suggested  by  King,  that  had  Hayden 
seen  this  locality  earlier,  the  question  as  to  the  exact  position  of  the 
Laramie  beds  might  nev^er  have  arisen. 
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His  conclusions,  as  summed  up  in  his  recapitulation  of  the  Mesozoie, 
are  a^  follows: 

The  I^ramie,  by  its  own  vertebrate  remains,  is  proved  to  be  unmistakably  Cre- 
taceous and  the  laat  deposit  of  that  age,  and  it  contains  no  exclusively  fresh-water 
life.  Its  plants  resemble  European  Tertiary,  but  its  Dinosaurs  are  conclusive  of 
Cretaceous  age.  It  was  the  last  of  the  conformable  marine  deposits  of  middle 
America.  Its  latest  period  of  sedimentation  was  immediately  followed  by  an  ener- 
jretic  orographic  disturbance,  which  closed  the  Mesozoie  age.  In  that  orographic 
action  the  inter- American  ocean  was  obliterated  and  the  Cretaceous  locally  thrown 
into  great  and  steep  folds.  The  following  deposits  over  the  Green  River  area  were 
fresh-water  lacustrine  lowest  Eocene  strata,  lain  down  nonconformably  with  the 
Cretaceous,  except  in  accidental  localities. 

In  1885  the  problem  was  taken  up  by  L.  F.  Ward  in  an  exhaustive 
jmper  on  the  Flora  of  the  Laramie  Group.  This,  although  destruc- 
tive in  its  criticism  rather  than  decisive,  nevertheless  contained  many 
important  suggestions.  After  a  summary  of  opinions  held  by  pre- 
vious workers,  he  wrote: 

Taking  all  these  facts  into  consideration,  therefore,  I  do  not  hesitate  to  say  that  the 
Laramie  flora a«  closely  resembles  the  Senonian  (Cretaceous)  flora  as  it  does  either  the 
Eocene  or  the  Miocene  flora,  but  I  would  insist  that  this  does  not  necessarily  prove 
either  the  Cretaceous  age  of  the  Laramie  group  or  its  simultaneous  deposit  with  any 
of  the  Upper  Cretaceous  beds.  The  laws  of  variation  and  geographical  distribution 
forbid  us  to  make  any  such  sweeping  deductions.  With  regard  to  the  first  point,  it 
is  wholly  immaterial  whether  we  call  the  Laramie  Cretaceous  or  Tertiary,  so  long  as 
we  correctly  understand  its  relations  to  the  beds  above  and  below  it.  We  know  that 
the  strata  immediately  beneath  are  recognized  Upper  Cretaceous,  and  we  equally 
know  that  the  strata  above  are  recognized  Lower  Tertiary.  Whether  the  first  inter- 
mediate deposit  be  known  as  Cretaceeus  or  Tertiary  is,  therefore,  merely  a  question 
of  name,  and  its  decision  one  way  or  another  can  not  advance  our  knowledge  in  the 
least. 

In  this,  it  will  be  noted,  he  followed  closely  the  opinions  already 
expressed  by  Hayden. 

Other  statements  of  Ward's  in  this  connection  are  worthy  of  consid- 
eration. He  pointed  out  that  there  was  no  probability  that  the  condi- 
tions existing  during  the  Laramie  deposition  would  be  ever  exactly 
reproduced  elsewhere,  and  hence  the  chances  were  as  infinity  to  one 
against  the  existence  of  other  beds  that  should  contain  an  invertebrate 
fauna  identical  with  that  of  the  Laramie  group.  Further  than  this, 
he  regarded  the  law  laid  down  by  paleontologists  that  the  same  epochs 
i?i  geologic  time  produced  the  same  living  forms,  as  quite  contrary  to 
the  now  well-established  principles  of  geographical  distribution. 

Amidst  all  this  confusion  and  conflict  of  opinion,  the  fact  was  becom- 
ing more  and  more  apparent  that  under  the  term  Laram  !ehB.d  been 
included  beds  belonging  to  various  but  not  widely  separated  horizons. 
King  and  Hayden,  it  will  be  recalled,  had  believed  it  to  contain  all  the 
coal  beds  of  the  region  in  which  it  occurs  and  to  be  sharply  circum- 
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scribed  both  above  and  below,  the  iimin  point  in  dispute  ])eing  whether 
it  should  be  relegated  to  the  Cretaceous  or  the  Tertiary.  As  time  went 
on,  but  particularly  after  the  organization  of  the  present  survey,  more 
careful  and  detailed  work  became  possible.  The  Bear  River  beds  were 
shown  by  Drs.  C.  A.  White  and  T.  W.  Stanton,  in  ISi)!,  to  belong  to 
the  marine  Cretaceous;  the  upper  portion  in  Colorado  and  Wyoming 
was  found  by  Cross,  Hills,  and  Weed  to  be  out  of  harmony  with  that 
beneath,  and  was  relegated  to  the  Eocene-Tertiary;  the  Lammie  proper 
becoming  more  and  more  restricted  as  the  work  of  differentiation 
went  on. 

In  1897  Di-s.  F.  H.  Knowlton  and  T.  W.  Stanton,  the  one  a  paleo- 
botanist  and  the  other  a  paleontologist,  together  made  a  personal 
inspection  of  many  of  the  important  localities,  and,  after  passing  the 
evidence  in  review,  concluded  that  the  so-called  Cemtops  beds  of 
Converse  County,  Wyoming,  should  be  referred  to  the  Laramie  group; 
that  the  coal-bearing  series  of  the  Laramie  Plains  is  older  than  the 
"true"  Laramie,  and,  instead  of  conformably  overlying  the  Fox  Hills 
group,  is  itself  overlain  by  it. 

The  Bitter  Creek  and  Black  liuttes  beds  they  considered  as  belong- 
ing to  the  ''true"  Laramie,  and  also  those  of  Crow' Creek,  Colomdo, 
while  those  of  Point  of  Rocks,  in  the  l^itter  (^reek  Valley,  were  regarded 
as  Cretaceous  (Montana).  The  base  of  the  Laramie  (aft^r  a  review  of 
the  opinions  of  Hatcher,  Hills,  King,  and  Hayden)  they  would  place 
''  immediately  aV>ove  the  highest  marine  Cretaceous  beds  of  the  Rocky 
Mountain  region,"  the  top  being  marked  by  the  Fort  Union  beds.  In 
other  words,  the  Fort  Union  beds  are  now  regarded  as  Eocene  and  the 
lower-lying  as, Laramie  Cretaceous. 

Both  these  workers,  it  is  well  to  note,  conformed  to  the  generally 
received  opinion  that  ''marine  in vertebmtes  (fossils)  are  more  accu- 
rate and  detinite  horizon  markei*s  than  either  plants  or  nonmarinc 
invertebrates,  because  they  have  a  less  extended  vertical  and  a  broader 
geographic  distribution." 

().  C.  Marsh,  the  reader  will  perhaps  remember,  had  in  ISJU 
announced  the  general  principle  that  all  forms  of  animal  life  are  of 
value  a.s  horizon  markers  "mainly  according  to  the  perfection  of  their 
organization  or  zoological  rank."  Following  out  this  principle,  he 
regarded  plants  as  unsatisfactory  witnesses,  invert<^brates  as  much 
better,  and  vertebrates  as  the  b(*st  of  all,  as  offering  ''  reliable  evidence 
of  climatic  and  other  geological  changes." 
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CHAPTER  XI. 

THE  TACONIC  QUESTION. 

**  Now,  who  shall  arbitrate? 

Ten  men  love  what  I  hate, 
Shun  what  I  follow,  slight  what  1  receive; 

Ten,  who  in  ears  and  eyes, 
Match  me;  we  all  surmise, 

They,  this  thing,  and  I,  that; 
Whom  shall  my  soul  believe?'* 

It  is  presumabh^  scarcely  necessary  to  call  attention  to  the  fact  that 
the  older  rocks  of  ^he  earth's  crust  are  exposed,  in  a  majority  of  cases, 
only  where  this  crust  has  been  disturbed  through  such  folding  and 
faulting  as  is  incidental  to  mountain  making.  As  a  result  of  such 
processes  these  older  rocks  are,  in  the  main,  considerably  altered  and 
their  origin  as  well  as  geological  age  at  times  (juite  indeterminable. 

The  attempt  to  fix  the  base  of  the  Paleozoic  strata  or,  in  other 
words,  to  find  a  line  of  demarkation  and  division  between  the  non- 
fossil-bearing  and  the  most  ancient  members  of  the  overlying  fossilif- 
erous  strata  has,  therefore,  proven  a  matter  of  the  greatest  difficulty 
both  in  America  and  abroad.  In  (xreat  Britain  and  on  the  Continent 
manifestation  of  this  is  found  in  the  voluminous  literature  relating  to 
Sedgwick's  Cambrian  and  Murchison's  Silurian  systems.  In  America 
a  similar  controversy  was  contemporaneously  waged,  which  haa  come 
down  to  history  under  the  name  of  the  Taconic  question. 

In  his  report  on  the  second  geological  district  of  New  York,  pul)- 
lished  in  1842,  Ebenezer  Emmons  gave  his  first  detailed  account  of  the 
Tac^onic  system.  A  review  of  the  subject  ma}^  well,  therefore,  begin 
with  this  paper,  though  an  occasional  earlier  reference  may  be 
necessary. 

In  Jiis  report  for  1838  Emmons  had  stated  that  the  Potsdam  sand- 
stone was  the  oldest  sedimentary  rock  occurring  in  the  vicinity  of 
Potsdam  (New  York)  and  that  no  rock  intervened  between  it  and  the 
primaiy.  In  this  opinion,  to  which  he  ever  afterwards  adhered,  he 
was  quite  correct.  Overlying  the  Potsdam  sandstone  and  always  in 
the  same  order  he  found  the  Calciferous  sandrock,  the  Chazy,  Bird's- 
eye,  and  Trenton  limestones,  the  Utica  and  Hudson  River  slates,  etc. 

An  examination  of  the  country  at  the  foot  of  the  Hoosac  Mountains 
in  western  Massachusetts  showed  what  appeared  to  him  an  entirely  dif- 
ferent series  resting,  like  the  Potsdam,  directly  upon  the  gneiss,  but  in 
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whirh  none  of  the  rocks  of  the  pi'eviou.s  series  appeared.     This  series 
was  described  in  his  own  words  as  below,  the  order  of  superposition 


being  shown  in  the  section  reproduced  herewith  which  the  reader  will 
iiote  is  given  in  a  reversed  position,  the  left  being  east  and  the  right 
west  itig.  131):  0ig,.e.byGoOgle 
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1.  A  coarse  granular  limestone  of  various  colors  which  1  have  denominated  the 
Stockbridge  limeMone,  taking  its  name  from  a  well-known  locality,  one  which  has  fur- 
nished the  different  part^  of  the  Union  a  large  portion  of  the  white  and  clouded 
marbles  which  have  been  so  extennively  employed  for  building  and  other  purposes 
in  construction. 

2.  Granular  quartz  rocky  generally  fine  grained,  in  firm,  tough,  crystalline  masses 
of  a  brown  color,  but  sometimes  white,  granular,  and  friable. 

li.  Slate,  which  for  distinction  I  have  denominated  Magnman  slate^  from  its  con- 
taining magnesia,  a  fact  which  is  distinctly  indicate<l  by  the  soft  feel  peculiar  to  n)okH 
when  this  earth  forms  a  cf)nHtitiient  part. 

4.  Sparry  limestone,  generally  known  as  the  Sparrg  Umerock. 

5.  A  slate,  which  I  have  named  Ta/*onic  daie^  and  which  is  found  at  the  western 
base  of  the  Taconic  range.  It  lies  adjacent  to  the  Lorrain  or  Hudson  River  shales, 
some  varieties  of  which  it  resembles.  In  composition  it  contains  more  alumina  and 
less  magnesia  than  the  magnesian  slates. 

The  series  occupied  an  area  extending  from  the  Hoosac  Mountains 
westward,  passing  over  the  Hoosac  Valley,  Saddle  Mountain,  and  also 
over  the  high  ridge  of  granular  quartz  known  as  Oak  Hill,  just  north 
of  the  Williamstown  Plain,  the  Taconic  Mountains  next  west  of  the 
Massachusetts  boundary,  and  the  eastern  border  of  New  York  west  of 
this  boundary  to  the  Hudson. 

To  this  series,  which  Emmons  conceived  to  be  older  than  the  Pots- 
dam, he  proposed  in  1841  to  give  the  name  Ta<*onic,  after  the  Taconic 


Fks.  131.— Section  of  Taconic  Rockn.  A,  Primary  schiKts;  1,  granular  quartx,  or  brown  and  white 
siuidstone;  2,  2,  Stockbridge  llmesione;  3, 3.  ma^eftian  slate:  4,  Sparry  limestone;  5,  Taconic  slate; 
6,  rooflng  slate;  7,  roagh  coarse  siliceous  beds:  8,  flinty  slate;  9,  Hudson  River  shales.  (After  £. 
Emmons.) 

range,  elevating  it  to  the  dignity  of  a  system.  His  persistent  advocacy 
of  the  actuality  of  this  system  gave  rise  to  a  controversy  extending 
over  more  than  half  a  century  and  e(}ualed  by  none  in  the  annals  of 
American  geology,  not  exceeded  even  by  the  Eozoon  question  noted 
elsewhere.  LTnmovexi  by  argument,  to  the  day  of  his  death  Emmons 
adhered  faithfully  to  his  ''system,"  although  from  the  very  tirst  he 
noted  its  most  inherent  weakness — that  in  no  case  had  the  Potsdam 
sandstone  been  found  resting  upon  any  of  its  members.  That  this 
system  was  actually  an  older,  lower-lying  series  was  indicated  only  b}' 
the  fact  that  neither  were  any  of  its  members  found  intercalated  with 
the  overlying  series,  which  always  occupied  the  position  and  relation- 
ship given  above. 

It  must  l>e  remarked,  by  way  of  preliminary  explanation,  however, 
that  the  region,  as  shown  by  subsequent  studies,  is  one  where  fault- 
ing, folding,  erosion,  and  metamorphism  have  prevailed  to  an  extent 
then  undreamed  of,  and  where,  as  a  consequence,  all  natural  criteria 
had  become  so  obscured  as  to  make  a  prompt  solution  of  the  problem 
impossible.     The  science  of  treology  grows  through  cumulative  evi- 
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dence.     The  greatest  minds  and  the  most  acute  of  observers  were 
l>ound,  by  the  then  existing  condition  of  knowledge,  to  make  incom- 
plete observations  and  faulty  deductions. 
The  original  section,  as  noted,  was  some  fifteen  miles  in  length. 


The  rocks  were  all  pronounced  as  unfossiliferous  and  dipped  through- 
out to  the  eastward,  their  relative  ages  being  judged  wholly  by  super- 
position, the  Stockbridge  limestone,  where  it  rested  immediately  upon 
the  gneiss,  l>eing  regained  as  the  oldest  of  the  series. 
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The  first  announcement  of  this  conclusion  appears  to  have  been 
made  at  the  Philadelphia  meeting  of  the  American  Association  of 
(ieologists  and  Naturalists,  held  in  April,  1841.  Unfortunately 
neither  the  paper  nor  the  discussion  which  followed  was  printed  in 
detail.  It  is  stated  by  Dana,  however,  that  the  matter  was  discussed 
by  H.  D.  Rogei*s,  Edward  Hitchcock,  William  Mather,  James  Hall, 
and  Lardner  V'anuxem,  all  of  whom  had  worked  in  the  region.  It  is 
stated,  further,  that  none  of  the  gentlenien,  with  the  exception  of 
Vanuxem,  favored  the  views  put  forward  by  Elmmons. 

During  the  summer  following  both  Rogers  and  Hall  studied  the  sec- 
tion, as  described  by  Emmons,  in  the  field,  Rogers  rendering  a  report 
to  the  American  Philosophical  Society  at  Philadelphia  at  the  meeting 
in  1842.  In  this  report  Rogers  sustained  the  views  previously  advo- 
cated by  Hitchcoi'k,  Hall,  Mather,  and  himself,  to  the  effect  that  the 
rocks  were  Lower  Silurian  (as  the  term  was  then  used)  extending  from 
the  Potsdam  upward,  but  nuich  flexed  and  disguised  by  pailial  meta- 
morphism.  Hall  for  some  re^isons  failed  to  make  a  report  at  the  time, 
though  later  claiming  to  have  written  out  his  notes  very  fully  (see 
p.  071). 

In  his  paper  in  the  Reix)rt  on  the  (jeology  of  the  Second  District  of 
New  York,  in  1842,  where  the  system  is  first  elaborated,  Emmons 
referred  to  Rogers's  conclusions,  and  seemingly  himself  recognized 
the  possibility  of  the  various  beds  of  limestone  being  but  portions  of 
the  same  bed,  brought  to  the  surface  by  successive  uplift.  He  did 
not,  however,  regard  the  same  as  probable.  The  system  as  a  whole 
he  thought  to  l>e  the  equivalent  of  the  Lower  Cambrian  of  Sedgwick, 
the  upper  portion  being  the  lower  part  of  the  Silurian  system. 

Although  the  Proceedings  of  the  American  Association  of  Geolo- 
gists were  not  given  in  full,  as  already  noted,  the  opinions  of  Mather 
regarding  the  Taconic  have  fortunately  l)een  handed  down  to  us  in  his 
Report  on  the  (leology  of  the  First  New  York  District,  dated  1848.  In 
this  he  made  use  of  the  term  in  his  descriptions,  but  stated  emphatic*ally 
tliat  the  ""  Taconic  rocks  are  the  same  in  age  as  those  of  the  Champlain 
division,  but  modified  by  metamorphic  agency  and  the  intrusion  of 
plutonic  rock." 

In  December,  1844,  Emmons  brought  out  in  pamphlet  form  a  revision 
of  the  Taconic  system,  with  additions  and  an  extension  of  its  limits. 
This  was  published  without  change  as  a  chapter  in  his  Report  on  the 
Agriculture  of  New  York,  under  date  of  1840.  The  most  impoilant 
feature  of  this  revision  related  to  the  finding  of  fossil  crustacean 
remains  in  the  Black  slate  of  Bald  Mountain,  in  Washington  County, 
New  York.  These  he  accounted  for  on  the  supposition  that  the  beds, 
instead  of  IwMng  the  lowermost,  as  he  first  supposed,  belonged  in 
reality  to  the  top  of  the  series,  and  had  come  into  their  prasent  posi- 
tion through  a  reversion  of  the  strata,  adopting  thus  in  part  Rogers's 
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ideas  as  to  flexures  and  overthrust  faults.  The  order  of  succession  of 
the  strata  would  then  stand  as  below,  that  given  in  the  paper  of  1842 
being  introduced  for  comparison.  It  will  be  at  once  noted,  as  later 
charged  by  Dana  (1888),  that  ''the  system  is  for  the  most  part  turned 
the  other  side  up.**' 

Taconic  Bystem^  1842.  Taconic  system,  December,  I844. 


6.  Stockbridge  limestone. 

{a.  Magnesian  slate  of  Greylock — p)er- 
hape  a  repetition  of  No.  8. 
b.  Granular  quartz. 
4.  Limestone. 

3.  Magnesian  slate  of  Taconic  Mountain. 
2.  Sparry  limestone. 
1.  Taconic  slate. 


6.  Black  slate,  Bald  Mountain. 

5.  Taconic  slate. 

4.  Sparry  limestone. 
3.  Magnesian  slate. 
2.  Stockbridge  limestone. 
1.  Granular  quartz. 


FiQ.  183.— iltopa  trilineatus. 


The  system  as  here  outlined,  Emmons  argued,  occupied  a  position 
inferior  to  the  Champlain  division  of  the  New  York  system,  or  the 
lower  division  of  the  Silurian  system  of  Mr.  Murchison. 

The  fossils  found  in 
the  Black  slate,  it 
should  be  mentioned, 
were  Trilobites— 
Atoj)8  trilineatus^  a 
form  allied  to  Trlar- 
thrujfi  heckiihnd  Ellip- 
tocephala  asapJwides^ 
and  annelid  markings, 
chiefly  those  of  Net  re- 
iteHMA  Myrianites.  These  were  described  by  Hall  in  1846,  and  the 
ground  taken  that  the  Atops  2ir\A  Triarthmts  were  identical  and  refer- 
able to  the  Hudson  River  group,  the  EUiptoctphala  being  referred  to 
the  genus  Oletnis^'^  an  Upper  Cambrian  form. 

At  the  Boston  meeting  (1847)  of  the  Association  of  American  Geolo- 
gists and  Naturalists,  Prof.  C.  B.  Adams  discussed  the  Taconic  rocks 
of  the  northern  part  of  Addison  County,  Vermont,  a  locality  judged 
to  be  particularly  favorable  for  study,  since  the  rocks  pass  here  from 
a  highly  to  but  slightly  metamorphosed  and  disturbed  condition.  He 
exhibited  sections  of  Snake  and  Bald  mountains  and  from  l^ake  Cham- 
plain  to  the  Green  Mountains,  and  thought  to  show  that  the  Taconic 
quartz  rock  was  probably  the  metamorphic  equivalent  of  the  red  sand- 
rock  (regarded  by  Adams  as  l>elonging  to  the  Champlain  division  of 
the  New  York  geologists),  and  that  the  Stockbridge  limestone  was  the 
equivalent  of  the  calcareous  rocks  overlying  the  red  sandrock,  leather 
than  that  of  the  lower  limestone  of  the  Champlain  division. 


"  Later,  Olenellus  of  the  Lower  Cambrian. 
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Inasmuch  as  the  value  of  the  evidence*  furnished  ])v  the  fossil  remains 
had  become  largely  a  matter  of  individual  opinion,  a  committee,  of 
which  Mr.  S.  S.  Haldeman  was  chairman,  was  appointed  at  the  same 
meeting  of  the  association  to  investigate.  The  report,  as  given  by  this 
committee  in  the  American  Journal  of  Science  for  1848,  was  to  the 
effect  that  so  far  as  could  be  determined  f lom  the  f ragmental  character 
of  the  specimens  submitted,  Atojjs  and  Triart/trtf^s  were  not  identical, 
but -^1.  triUnf'atufi  was  ^'a  fossil  characteristic  of  the  stratum  investi- 
gated and  named  by  Professor  Knmions." 


¥u\.  ViA.—Elliptocf^ihnla  amphoidea.  n  is  a  large  individual  nimh  flattened  by  preK«ure;  the  nattinil 
joints  of  the  slate  pass  through  the  specimen.  The  tail  and  a  iM)rlion  of  tht*  bo<ly  are  wanting.  I 
have  named  this  EfUptocephala  rtJ*«/>/«yirf/ j<.  The  ellip.se  upon  the  buckler  appears  to  be  ^  charac- 
teristic marking,  while  the  ribs  and  middle  lobe  resemble  very  strongly  the  same  parts  of  the 
AsaphuH  tyranniLs.  In  its  perfect  form  the  ellipse  seems  to  l>elong  to  the  old  and  iwrfect  Individual. 
6  is  the  head  of  a  .small  individual  of  the  same  species.  The  ellipse  in  this  individual  has  an 
anterior  .segment  not  to  be  seen  in  a,  which  I  suppose  may  be  obliterated  by  age.  c  is  a  fragment 
of  a  trilobife,  probably,  but  the  ribs  bear  a  different  rharacter  from  those  we  generally  meet  with. 

To  this  report  Hall  naturally  took  exception,  and  in  the  Journal  for 
the  same  year  reviewed  the  subject  and  published  figures  giving  rea- 
sons for  thinking  that  the  distinctions  noted  by  the  committee  were 
not  ''actual  and  constant,"  but  merely  those  of  individuals,  and  reaf- 
firming the  statement  that  the  two  forms  were  essentiall}^  identical. 
Hall  was  in  turn  replied  to  by  Emmons,  but  nothing  conclusive  was 
brought  forward. 
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Ill  1849  the  ubiquitous  Hunt  entered  the  field,  siding,  as  it  chanced, 
with  the  opinions  of  the  opponents  of  the  sNstem,  though  later  he 
shifted  his  ground.  No  new  facts  were,  however,  presented,  and  the 
matter  is  mentioned  here  only  on  account  of  the  characteristicaliy 
emphatic  and  apparently  decisive  manner  in  which  his  opinions  were 
expressed,  however  fanciful  may  have  lieen  their  basis. 

Little  of  consequence  now  occurred  until  1855,  when  Profe.ssor 
Enunons  brought  out  his  volume  on  American  Geology,  in  which  he 
made  his  third  presentation  on  the  subject.  In  this  he  extended  the 
system  from  Maine  to  Georgia  and  subdivided  it  into  an  upper  and 
lower  portion,  the  fossilif erous  portion  being  called  the  L^pper  Taconic 
and  the  nonfossiliferous  the  Lower  Taconic.  The  Sparry  and  Stock- 
])ridge  limestones  were  brought  together  as  one  formation,  while  the 
synclinal  chamcter  of  Mount  Grey  lock  was  recognized  and  figured. 


Taconic  ifyxtcm  in  ISii/i. 


Upper  Taconic. 


liOwer  Ta<!oiiic. 


2.  Black  plate  of  Bald  Mountain. 

1.  Taconic  slate. 
8.  Magnesia  slate. 

2.  Htockbridge  limestone. 
1 .  (Trannlar  quartz. 


a  b 

Fkj.  l.'tt. — a.  Trinrf/iun  hfvk'ii:  h.  Tnarthua  fahmi. 


As  here  given,  the  system,  as  stated  by  Da?ia  with  reference  to  that 
ot  1844,  had  a  top  and  bottom  of  Cambrian  rocks.    The  succession  in  the 

Lower  Taconic  was  the  same  jvs 
in  the  publication  of  1844. 

In  1854  or  1855  trilobites  re- 
lated  to  those  of  Bald  Moun- 
tain were  found  in  the  Black 
slates  of  West  Georgia,  Ver- 
mont. Passing  into  the  hands 
of  Zadock  Thompson,  the  as- 
sistant in  the  geological  survey 
of  the  State,  the  specimens 
were  .sent  to  Professor  Hall, 
and  in  185J^  were  figured  and  descri])ed  as  belonging  to  the  shales  of 
the  Hudso?i  River  group,  one  of  the  minor  subdivisions  of  the  Lower 
Silurian  system,  under  the  names  of  OlmKsihomjfsitn!^  (>,vrnn(mta)ttt^ 
and  PtlfHfui  hoUqnjifn^  the  beds  being  thus,  in  his  opinion,  made  equiv- 
alent to  the  Bald  Mount4iin  slates  already  noted.  In  this  he  was,  how- 
ever, in  error. 

The  problem  was  not,  however,  confined  to  American  soil.  In  1856 
there  were  found  in  the  limestone  belo?iging  to  the  so-called  gmywacke 
series  at  Point  Levi,  opposite  Quebec,  a  trilobite  fauna  of  a  natuiv 
sufficient  to  convert  the  ])aleontologist,  Klkanah  Billings,  of  the  Cana- 
dian survey,  to  the  views  of  Emmons,  and  cause  him  toattirm  that  the 
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j^raywacke  group  lay  below  the  Trenton  in  stratigraphic  position.^ 
In  this  view  Logan  at  first  acquiesced,  but  applied  to  the  beds  as  there 
developed  the  name  Qaehee  rather  than  Tat^onic,  subsequently  extend- 
ing the  name  to  the  whole  belt  of  Taconic  rocks  reaching  from  the  St. 
Lawrence  to  the  Hudson  River. 

In  1860  Barrande,  the  eminent  Bohemian  paleontologist  and  authority 
on  the  Silurian,  read  before  the  Geological  Societ}'  of  France  a  memoir 
in  which  he  adopted  in  full  the  conclusions  of  Emmons  regarding  the 
Taconic  system,  pronouncing  the  Georgia,  Vermont,  trilobites  as 
unquestionably  of  Primordial  age  and  characteristic  of  a  great  Taconic 
system  extending  far  below  the  Olenm  or  Paradoxides^  zone. 

Subsequent  discoveries  seemed  to  show 
that  Barrande  was  misled  through  the 
character  of  the  evidence  available,  he 
himself  not  having  studied  the  question 
in  the  field.  Be  this  as  it  may,  his  ac- 
cession to  the  ranks  of  the  ''Taconists" 
for  a  time  greatly  strengthened  their 
cause,  through  sheer  weight  of  authority, 
and  did  much  to  complicate  the  situation, 
while  the  use  made  of  his  writings  and 
personal  letters  by  Marcou  swelled  the 
literature  and  confused  the  question  until 
for  a  time  the  correct  solution  seemed 
hopeless.  And  here  it  may  be  remarked 
that,  however  conclusive  and  convincing 
the  writings  of  Marcou  may  appear,  the  arguments  he  advanced  were 
founded  almost  altogether  upon  the  works  of  others,  or,  in  some  cases, 

'^  Subsequent  inveHtigations  have  shown  that  the  masses  in  which  these  fossils  were 
found  were  but  blocks  or  fragmenttt  in  a  conglomerate,  itself  a  member  of  the  Que- 
l)ec  group.     Billings's  conversion  was,  however,  thorough,  as  shown  by  the  following: 

Montreal,  10th  Nov,y  1860. 
Mv  Dear  Mr.  Meek: 

*  *  *  The  discovery  of  the  Point  Levi  fossils,  and  also  of  those  published  by 
Hall  under  the  name  of  Olenus  (from  Vermont),  opens  out  a  new  field  in  American 
geology.  I  have  receive<l  several  letters  from  Barrande  on  the  subject.  In  the  last 
one  received,  two  days  ago,  he  says  that  Angelin  was  then  in  Paris,  and  that  he  had 
shown  him  l)oth  Hall's  figures  and  mine.  Angelin  agrees  with  him  that  Hall's 
species,  and  alscj  mine  from  limestone  No.  1,  are  of  the  Primordial  type.  The  Que- 
bec rocks  are  undoubte<iiy  the  Taconic  rocks  of  Emmons.  It  will  be  rare  sport  if 
Emmons,  after  standing  alone  for  25  years  against  the  majority  of  the  ('lite  (or  at 
least  those  who  consider  themselves  the  ^lite)  of  American  geologists,  should  after 
all  be  right.  His  imfortunate  Taconicr  system  has  beeu  annihilated  and  proved  not 
t^  exist  regularly  once  a  year  for  the  last  twenty  years,  and  yet  it  once  more  raises 
\\b  he^d  with  a  new  life.  I  firmly  l)elieve  that  in  the  main  he  is  right,  although  he 
may  1k»  wrong  in  some  minor  details.     *    *    * 

E.  Billings. 

^The  Paradoxides  is  a  trilobit-e  found  in  Sedgwick's  Af  iddle  Cambrian,  of  Englanilp 
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upon  no  other  basis  than  prejudice  in  favor  of  or  against  certain  indi- 
viduals. From  the  time  of  his  Pacific  Railroad  survey  work  Marcou 
did  scarcely  an3^thing  in  the  field,  but  contented  himself  with  sitting 
as  critic  upon  the  work  of  others.  For  this  reason  he  was  of  little 
actual  service  to  American  geology  and  his  writings  and  opinions 
are  not  quoted  in  detail  here,  although  unquestionably  many  of  his 
suggestions  were  of  value. 

In  1861  there  was  issued  the  final  report  on  the  geology  of  Vermont 
by  Hitclu»ock  and  A.  I).  Hager.  On  paleontologieal  evidence  the 
Stockbridge  limestone  was  here  set  down  as  not  older  than  Silurian. 
Cross  sections  showed  Mounts  Anthony,  Ekjuinox,  iEk)lus,  and  others 
to  have  a  synclinal  structure,  the  limestone  beneath  and  the  slates  above 
as  Emmons  had  shown  for  Mount  Greylock.  The  stratigraphy  was, 
therefore,  in  favor  of  Emmons's  view,  but  the  paleontology  was 
against  it  and  no  decision  was  reached  as  to  the  age  of  the  quartzite. 
In  1863,  the  year  of  Enmions's  death,  there  appeared  the  fii^st  edition 
of  Dana's  Geology.  In  this  the  Potsdam  sandstone  was  made  to  include 
the  Primordial  and  the  equivalent  of  the  era 
of  the  ParaihwhliH  and  the  Primordial  beds 
of  Scandinavia  and  Bohemia.  The  Georgia 
slates'were  also  recognized  as  Primordial,  in 
this  conforming  to  the  ideas  of  Barrande  and 
Emmons. 

In  1869  Prof.  J.  B.  Perry,  of  Vermont, 
entered  the  lists  and  argued  in  favor  of  the 
system  as  presented  })y  Emmons.  He  was 
subsequently  shown,  through  the  discovery  of 

Fm.l37.-0;«.w«irrmon/an«.        f^-^^'^^   ^^^    ^^^    existCUCC  of    UUmerOUS   UUSUS- 

pected  faults  and  folds,  to  have  been  in  error. 

In  1870  the  Rev.  A.  Wing,  of  Vermont,  working  with  the  avowed 
inttmtion  of  settling  the  vexed  question  as  to  the  age  of  the  limestone, 
slates,  and  quartzites  in  the  West  Rutland  region,  found  fossils  in  the 
limestone  which  Billings  identified  as  proliably  belonging  to  the  Chazy 
epoch  of  the  Canadian  (Lower  Silurian)  period.  Still  others  were 
found,  sufficient  to  show  that  the  beds  range  from  the  Calciferous  to 
and  including  the  Trenton,  and  that  consequently  the  overlying  slates 
nmst  be  of  Ctica  or  Hudson  River  age,  and  were  not  limited  to  the 
Quebec  group,  as  Logan  had  supposed. 

In  1872  Elkanah  Billings  published  in  the  Canadian  Naturalist  an 
article  on  the  age  of  the  }>lack  slate  and  red  sandrock  of  Vermont,  in 
which  he  took  occasion  to  refer  to  the  Taconic  system  and  announce 
his  views  on  the  subject.  He  contended  that  in  the  consideration  of 
this  (|uestion  ^Miearly  all  of  the  leading  geologists  of  North  America'' 
had  ranged  themselves  upon  the  wrong  side;  that,  while  for  nearly  a 
quarter  of  a  century  Doctor  Emmons  stood  almost  alone,  during  the  laist 
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thirteen  years  a  great  revolution  of  oj)inion  hati  come  about;  and  tliat 
the  idea  that  the  rockn  of  the  Taconic  system  were  really  above  the 
Potsdam  sandstone  (as  had  been  contended)  had  been  exploded.  (See 
letter  to  Meek  quoted  above.) 

As  he  understood  the  matter  at  the  time  of  writing,  some  of  the 
Taconic  rocks  were  certainly  more  ancient  than  the  Potsdam,  while 
others  might  be  of  the  same  age,  and  perhaps  some  of  them  more 
recent.  The  details,  he  felt,  had  not  yet  been  worked  out,  and  on 
account  of  the  extremely  complicated  structure  of  the  region,  he  ven- 
tured to  say  that  no  man  at  that  time  living  would  ever  see  a  perfect 
map  of  the  Taconic  region.  The  present  indications  are  favorable  to 
this  view  of  the  subject. 

The  theory  that  the  Taconic  rocks  belong  to  the  Hudson  River 
group,  he  went  on  to  say,  was  an  ''  enormous  error -'  that  originated 
in  the  geological  survey  of  New  York  and  thence  found  its  way  into 
the  Canadian   survey.     The   mistake    was 
doubtless  due  to  the  extraordinary  ari-ange- 
ment  of  the  rocks,  the  more  ancient  stmta 
being  elevated  and  often  shoved  over  the 
more   recent,  so  that,  without  the  aid   of 
paleontology,  it   was   impossible  to   assort 
positively  that  they  were  not  the  age  of  the 
Hudson  River  formation,  as  they  appeared 
to  be.     The  main  object  of  his  note  was  ac- 
knowledged to  be,  to  show  that  while  the 
error  had  originated  in  New  York,  it  was 
corrected  by  the  geologii'al  survey  of  Canada. 

This  article  brought  out  a  reply  by  J.  I). 
Dana    in    the    American    Journal   of    Sci-         p,,.  ,38  .-Kikanah  Billing. 
ence   for  June,    1872,  in    which  he   called 

Billings's  attention  to  the  fact  that,  while  he,  Dana,  might  differ 
with  Billings  about  the  Taconic,  the  differences,  after  all,  were  not 
material,  since  Billings  viewed  the  Taconic  as  developed  by  Emmons 
through  successive  interpolations  year  after  year,  and  not  as  first 
announced  in  1842.  He  called  his  attention,  further,  to  the  fact  that 
the  system  was  based  on  a  section  fifteen  miles  long,  made  across  the 
Taconic  Range,  through  Williamstown  and  Greylock,  to  North  Adams 
on  the  east  and  to  Petersburg  or  Berlin  on  the  west;  that  the  dip  was 
originally  throughout  to  the  eastward;  and  that  the  beds  were  desti- 
tute of  fossils  and  their  relative  age  judged  by  superposition,  accord- 
ing to  which  the  Stockbridge  or  North  Adams  limestone — the  most 
eastern  rock  in  the  section — would  be  the  most  recent. 

Referring  to  Emmons's  discovery  of  a  fossiliferous  black  slate  at 
Bald  Mountain,  New  York,  he  stated  that,  according  to  Emmons's 
principle  adopted  in  1842,  this  slate  being  to  the  west  of  the  Taconic^ 
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should  he  older  than  the  Taconic  proper,  and  therefore  that  his  Taconic 
system  was  actually  newer  than  the  fossiliferous  rock.  This  evidently 
being  to  his  (Emmons's)  mind  impossible,  he  was  thence  led  to  think 
out  a  way  by  which  rocks  might  dip  eastward  and  still  be  newer  to  the 
westward  and  that,  ^Without  a  fact  or  even  an  argument  to  sustain  it, 
he  announced  in  his  agricultural  report,  published  in  1843,  this  as  the 
true  order.  He  thus,  by  a  stroke  of  his  pen,  tipped  over  the  Taconic 
system  and  got  the  black  slate  to  the  top  with  all  other  Taconic  rocks 
beneath  it." 

This  black  slate  interpolation  in  1843,  according  to  Dana,  thus 
brought  mischief  to  the  Taconic  system  and  to  nmch  American 
geology  and  was  styled  by  him  ''a  most  desperate  blunder.''  Bil- 
lings's work  he  regarded  as  eliminating  the  black  slates  from  the 
system.  Dana  went  on  to  state  that  the  quartzite,  which  in  the  pub- 
lication of  1842  occurred  toward  the  middle  of  the  section,  was,  in  that 
of  1843,  placed  at  the  bottom  of  the  Taconic  series.  Hence  in  this 
'"perfected  Taconic"  the  rocks  which  Billings  had  shown  to  be  nearest 
t<)  the  pre-Silurian  of  all  the  Taconic  beds  were  thus  placed  at  the 
remote  ends  of  the  system,  the  black  slate  at  the  top  and  the  quartzite 
at  the  bottom,  the  former  being  of  Primordial  age  and  the  only  rock 
series  which  had  yet  proven  to  be  pre-Potsdam. 

Dana  acknowledged  that  Emmons  was  deserving  of  honor  for  com- 
bating the  old  idea  which  had  prevailed  among  geologists  and  paleo!i- 
tologists,  to  the  effect  that  the  Taconic  slates  belong  to  the  Hudson 
Kiver  period;  yet  he  contended  that  he  ''blundered  in  everything 
else,-'  determining  nothing  correctly  as  regarded  the  age  or  order  of 
succession  of  the  rocks  of  the  system,  and  '"  his  assumptions  after  1842 
were  so  great  as  to  order  of  stratification  and  faults,  and  his  way  of 
sweeping  distant  rocks  into  his  system  so  unscientific,  that  his  oppo- 
nents had  abundant  reasons  for  their  doubts."  He  went  on  to  say 
that  no  one  knew,  even  at  that  date,  what  the  precise  age  of  the  slates 
of  the  Taconic  Mountains  might  be,  although  Logan's  view  that  the\' 
belong  to  the  Quebec  seemed  nearest  the  truth.  The  only  way,  he 
argued,  for  geologists  to  get  out  of  the  Taconic  perplexity  was  to  go 
back  to  Emmons's  original  report  and  section  of  1842.  *''The  name 
Taconic,"  he  wrote,  ''  belongs  only  to  the  era  represented  by  the  rocks 
of  the  Taconic  Mountain,"  and  nowhere  else. 

In  a  series  of  articles  in  the  American  Journal  of  Science,  beginning 
with  December  of  1872,  Dana  showed  the  conformability  of  the 
Taconic  slates  and  schists  of  the  Taconic  Mountains  and  the  Stock- 
bridge  limestone  and  quartzite,  and  on  the  basis  of  the  discoveries  of 
Wing  and  Billings,  pronounced  the  limestone  to  be  of  Trenton  and 
Chaz\^  age  and  the  schists  and  slates  to  be  of  Hudson  River  age,  in 
this  agreeing  with  Rogers.  He  also  pointed  out  that  the  same  beds  of 
metamorphic  rocks  might  vary  as  do  their  unconsolidated  representa- 
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tive«,  being  quartzite  in  one  part  and  uiicu-schist  or  even  gneiss  else- 
where, and  hence  that  purely  lithologicai  evidence  as  to  the  identit\' 
of  beds  was  practically  worthless.  This  is  a  little  amusing  as  coming 
from  Dana,  who  himself  accepted  the  presence  of  the  mineral  chondro- 
dite  in  the  limestones  of  Berkshire  as  evidence  of  the  Archean  age. 

In  1878,  T.  Nelson  Dale  found  ])rachiopods  belonging  to  the  Hudson 
River  group  in  the  laconic  slates  at  Poughkeepsie.  In  this  same  year 
W.  B.  Dwight  began  work  in  the  *' Sparry  limastone *"  of  Dutchess 
County,  New  York,  finding  fossils  of  undoubted  Lower  Silurian  age." 
These  finds  and  others  made  by  S.  W.  Ford  and  I.  P.  Bishop  in 
adjacent  localities  were  made  use  of  by  Professor  Dana  in  his  subse- 
(|uent  papers. 

Dana  continued  in  the  field  at  intervals  until  1889,  accepting  as  his 
working  basis  the  Chazy  fossils  found  by  Doctor  Wing  at  West  Rut- 
land, and  accompanying  and  working  conjointly  with  Wing  throughout 
the  period.  In  1879  he  showed  on  stratigraphic  and  fossiliferous 
evidence  that  the  Taconic  schists,  so  called,  as  developed  in  Dutchess 
and  adjacent  counties,  were  of  the  age  of  the  Hudson  River  group, 
and  the  five  limestone  belts  there  found,  but  five  successive  (mtcrop- 
pings  of  the  Lower  Silurian  limestone  brought  to  the  surface  by  a 
series  of  flexures.     In  this  he  agreed  in  the  main  with  Mather. 

In  18S4,  Hall  for  the  first  time  put  himself  fully  on  recx^rd  as  opposed 
to  the  Taconic  system  on  stratigraphic  as  well  as  paleontological 
grounds.  In  this  year  he  sent  Dana  copies  of  two  sections  of  the 
Taconic  area  and  manuscript  notes  claimed  by  him  to  have  been  made 
prior  to  1845,  and  which  gave  the  result  of  his  own  studies.  In  these 
Mounts  Anthony  and  Equinox  are  shown  to  have  a  synclinal  structure, 
the  limestone  underlying  a  broad  synclinal  of  slates  and  schists,  the 
former  being  put  down  as  Trenton  and  lower,  while  the  slates  and 
schists  were  of  Hudson  River  age.  Prompt  publication  would  have 
given  Hall  prioritv  over  the  Vermont  survey  and  others,  but  owing 
to  the  long  delay  the  matter  is  of  only  historical  interest. 

In  Volumes  XXIX  and  XXXIII  (1885 and  1887)of  the  American  Jour- 
nal of  Science,  Dana  again  takes  up  the  subject  systenmtically  under  the 
caption  of  Taconic  Rocks  and  Stratigmphy,  the  paper  l)eing  accom- 
panied by  a  map  of  the  region  and  numerous  sections.  He  showed 
that  the  flexures  throughout  the  Taconic  area  were  of  a  prevailing 
synclinal  habit;  that  the  limestone  was  a  continuous  formation  lying 
underneath  the  mountains  and  was  overlaid  conformably  })y  strata  of 
quartzite  and  quartzitic  and  ordinary  mica  schist,  and  underlaid  along 
the  eastern  border  by  quartzite  and  mica  schist  also.  He  further 
showed  that  within  the  Taconic  region  the  texture  and  mineral  nature 
of  the  limestone  beds  varied  geographical  1},  the  crystalline  texture 
being  coarser  to  the  southward  and  eastward.     He  found  no  evidence 

"Dwight  later  found  Cambrian  fossils  in  these  sarag|jj^j^^  (jQQq[^ 
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of  general  overthrust  faulting  affecting  the  entire  region.  As  to  the 
age  of  the  rocks  he  remained  conservative!  but  still  regarded  the  lime- 
stone as  V>eyond  doubt  Lower  Silurian,  though  whether  Trenton, 
Chazy,  or  Calciferous  remained  an  open  (juestion. 

In  the  Journal  for  18S()  he  referred  again  to  the  matter,  questioning 
the  reliability  of  the  lithological  evidence  put  forth  hy  Emmons  a.s  to 
the  identity  of  his  Taconic  rocks  and  those  of  Sedgwick's  C.'ambrian, 
asserting  that  ''geological  investigatiim  with  reference  to  the  Cambrian 
had  not  advanced  so  far  as  to  make  its  application  safe."  In  this  paper 
he  reported  also  the  finding  in  Canaan,  New  York,  of  Lower  Silurian 
fossils  in  Sparry  limestone,  this  being  the  oldest  stmtum  of  the  Taconic 
system,  as  aiuiounced  by  Emmons  in  1842.  These  fossils  were  sliced 
and  studied  by  Professor  Dwight,  of  Poughkeepsie,  and  S.  W.  Ford, 
and  identified  as  belonging  pro})ably  to  the  Trenton  period. 

In  188t>,  C.  D.  Walcott,  then  paleontologist  of  the  l^.  S.  Geologicat 

^ Survey,  took  up  the  subject,  giving  a  sum- 

"  ^  I     mary  of  his  results,  with  map,  in  the  Ameri- 

^^''^^^^  can  Journal  of  Science  of  April  and  May, 

^J  1  l.sss.     Walcott   began    with    a    systematic 

^m      ,^fc^^»  study  of  the  slates,  limestones,  and  quartz- 

f^    ^^^^^B  '^^'"^  ^^^  Vermont  and  the  adjoining  counties 

V       ^^^V  <>^  ^<'w  York,  continuing  his  work  the  fol- 

^B^^^^l  lowing  season  and  })aying  particular  atten- 

^^^^^Hr  tion  to  areas  within  the  counties  of  Washing- 

^^^^^^^B^^^^      ton  and  Rensselaer.  New  York;  Bennington, 

^^^^HM|^^^^^^H     Vermont:    and    Berkshire.    Massachusetts, 

^^^^^■H^^^^^H     since  here  were  found  the  series  of  sections 

^^^^^^^H^^^^^H     described    by    Ennnons  the 

FiG.i39.-chariesDooiittieWaicoit.     localities  mentioned  by  him. 

Mr.  Walcott  showed  to  his  own  satisfac- 
tion and  that  of  most  of  those  having  any  detailed  knowledge  of 
the  subject  that  the  ijuartzite  series  belong  to  the  Middle  Cam- 
brian, the  talcose  slates  to  the  Upper  Cambrian,  the  limestones  to 
the  Calciferous,"  Chazy,  and  Trenton,  and  the  slates  and  sandstones 
to  the  Hudson  River  group.  He  agreed  mainly  with  Emmons  in 
his  lithological  descriptions  and  the  general  dip  and  arrangement  of 
the  stmta,  but  disagreed  with  him  in  his  identitication  of  the  geo- 
logical age  of  the  formations  of  the  Lower  Taconic,  the  strati- 
graphic  relations  of  his  Lower  and  Cpper  Taconic,  and  also  as  to 
the  v^alue  of  the  stratigrai)hic  and  paleontological  identifications  of 
age.  He  showed  that  the  granular  (|uartz,  supposed  by  Emmons 
to  be  unfossiliferous  and  to  lie  at  the  base  of  his  Taconic  sj'st^m,  was 
actually  fossiliferous  and  the  equivalent  of  the  greater  portion  of  the 

''The  supposed  Middle  Cambrian  an<i  a  part  of  the  Calciferous  liere  described  were 

subsequently  relejrated  to  the  L(j\ver  Cambrian.  C^  r^r^n\ 
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Upper  Taconic;"  also  that  this  quailzite  was  a  shore  deposit  formed 
at  the  same  time  as  were  the  silico-calcareous  muds  in  deeper  waters, 
and  which  Emmons  had  included  in  his  Upper  Taconic.  The  Stock- 
bridge  limestone,  which  Emmons  had  regarded  as  a  peculiar  pre- 
Silurian  deposit,  he  showed  on  paleontological  evidence  to  be  t^e 
equivalent  of  the  Trenton,  Chazy,  and  Calciferous  limestones  of  the 
Lower  Silurian,*  while  the  Talcose  slate  resting  conformably  upon  the 
Stockbridge  limestone  was  found  to  contain  graptolites  of  Hudson 
River  age.  Emmons's  subdivision  of  Upper  Taconic  he  regarded  as 
merely  due  to  a  repetition  of  certain  beds  brought  up  by  an  overthrust 
fault,  as  shown  in  fig.  140. 

Walcott  in  his  summary  of  the  paleontological  evidence  relative  to 
the  Taconic,  stated:  (1)  The  trilobites  described  by  Emmons  in  1844- 


Fig.  140.— Tabular  view  oi  Taconic  Strata  as  arrangcMl  by  E.  Emmons.    (After  C.  D.  Walcott.) 

1847  from  the  black  slate  were  referred  then  to  the  highest  member 
of  the  Taconic  system  on  stratigraphic  evidence;  but  (2)  in  1856 
were,  on  evidence  of  the  same  kind,  referred  to  the  lowest  member.^ 
(3)  That  in  1859  they  were  referred  to  a  pre-Potsdam  position^  by 
comparison  with  a  fauna  whose  position  had  been  stratigraphically 
determined  with  relation  to  the  Silurian  fauna.     Further,  (4)  that  the 


ff  TheHe  are  now  accepted  as  basal  Lower  Cambrian. 

'>  But,  later,  Foerste  and  Wolff  found  Lower  Cambrian  forms  near  the  base  of  these 
rocks  at  Rutland,  Vermont. 

c  Subsequent  studies  seem  to  show  that  Emmons  was  correct  in  this. 
it  They  are  to-day  referred  to  the  Lower  Cambrian. 
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NereltdH  and  other  trails  which  Emmons  regarded  as  typical  for  the 
Taconic  had  not  yet  been  stratigraphically  located,  while  (5)  the  grap- 
tolites  formed  part  of  the  fauna  of  the  Hudson  terrane. 

Emmons- s  errors,  according  to  Mr.  Walcott,  were  due  almost  wholly 
to  his  trust  in  lithological  characters;  his  supposed  unconformity 
between  the  Taconic  and  Champlain  systems  was  based  primarily  on 
the  similarity  in  lithologic  characters  of  the  Calciferous  sand  rock  of 
the  Lower  Silurian,  and  the  Calciferous  sand  rock  of  what  is  now 
known,  from  its  fossils,  to  be  a  part  of  his  upper  Taconic;  also  that 
he  confused  the  dark  shales  of  the  Lower  Silurian  with  those  of  his 
upper  Taconic  and  failed  to  recognize  the  obvious  fact  that  the  Cal- 
ciferous terranes  were  frequently  represented  in  geological  sections  by 
a  shale  undistinguishable  from  that  of  the  Hudson  River;  and  that  in 
several  places  the  Trenton  limestone  is  replaced  by  shale.  According* 
to  T.  N.  Dale,  Emmons  was  also  in  error  in  assuming  that  the  slates 
along  the  east  foot  of  the  Taconic  range  dipped  to  the  east,  he  having 
confused  cleavage  with  bedding. 


Fig.  141.— Section  of  Bald  Mountain  from  the  south.  The  profile  of  the  mountain  and  position  of 
the  Cambrian  and  Lower  Silurian  rocks  are  taken  from  a  photograph.  The  *' Upper  Taconic  "  = 
Cambrian  slate,  sandrock  and  limestone  are  shown  to  the  right  of  the  fault,  and  c=Cha7y  lime- 
stone; j'=dark  shales,  interbedded  between  caud  the  Calciferous  sandrock,  E;  «=dark  argillaceous 
shales  beneath  the  Calciferous  sandrock.    (After  C.  D.  Walcott.) 

At  the  eighth  meeting  of  the  American  Committee  of  the  Interna- 
tional Geological  Congress,  which  was  held  in  New  York  in  April, 
1888,  the  subject  of  the  subdivision  and  nomenclature  of  the  American 
Paleozoic  formations  was  discussed,  and  incidentally  the  matter  of 
using  the  name  Taconic,  and  its  limitations,  if  used  at  all,  was  pretty 
thoroughly  gone  over.  A  considerable  diversity  of  opinion  was  found 
to  exist;  although  the  committee  at  first  reported  in  favor  of  retaining 
the  name,  they  were  apparently  subsequently  led  to  change  their  views 
upon  the  presentation  of  new  evidence  by  Mr.  Walcott.  A  brief  sum- 
mary of  some  of  the  views  adopted  is  given  below. 

Dana  objected  to  the  retention  of  the  name,  thinking  it  would  be 
regarded  only  as  '^a  reminder  of  Emmons's  blundering  work — a  suc- 
cession of  unstudied  assumptions  that  brought  only  evil  to  the  science."' 
S.  W.  Ford  favored  the  adoption  of  the  name  Taconic  for  the  middle 
portion  of  the  Cambrian,  as  the  term  was  then  used,  or  that  marked  by 
the  presence  of  the  fossil  OJenellun.  Hall  felt  that  it  might  be  well  to 
retain  the  name  for  those  rocks  lying  below  the  Potsdam,  while  C.  H. 
Hitchcock  considered  the  lowest  Taconic  as  of  lower  Potsdam  age. 
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Newberry,  on  the  other  hand,  would  retain  the  name  Taconic  as  a 
group  name  for  one  of  the  minor  subdivisions  of  the  Upper  Cambrian, 
while  Alexander  Winchell,  from  a  perusal  of  the  literature  only,  would 
retain  the  name  for  those  rocks  underlying  the  Cambrian  and  retain- 
ing the  primordial  fauna  (Paradoxides).  The  Canadian  geologists, 
Dawson  and  Selwyn,  both  regarded  the  term  as  useless  and  unneces- 
sary, while  H.  S.  Williams  and  Joseph  Le  Conte  recommended  that  it 
be  dropped  entirely,  owing  to  the  existing  conflict  of  opinion. 

The  committee  recommended  that  all  the  strata  lying  between  the 
Devonian  and  Archean  be  divided  into  three  great  groups,  the  Silu- 
rian, Cambrian,  and  Taconic,  the  last  named  to  be  subdivided  as  below: 


Faunal  (systematic) 
designations. 

Rock  masses  of  New  York  and  New  England.     Strati- 
graphic  designations. 

E 

Sub-Faunas. 

St.  Croix. 

Lower  portion  of  the  Calciferous  sand  rock  of  New  York. 
The  St.  Croix  beds  (so-called  western  Potsdam)  of  the  Mis- 
sissippi Valley. 

Taconic. 

The  Georgia  group. 

The  Taconic  black  slate  and  granular  quartz. 

^ 

Acadian. 

Paradoxides  beds  of  Braintree,  Massachusetts,  and  St.  John's 
group  of  New  Brunswick. 

As  above  noted,  this  report  of  the  committee  was  not  adopted,  and 
it  is  probably  due  more  to  the  work  of  Dana  and  Walcott  than  to  all 
others  that  the  temi  to-day  finds  no  place  except  historically  in 
American  geology. 

As  to  the  justice  of  this  decision,  there  may  be  some  question,  par- 
ticularly when  one  recalls  the  fact  that  Mr.  Walcott's  own  studies 
later  showed  the  existence  of  his  Olenellim  (Georgian)  fauna  helow 
rather  than  above  the  Paradoxides  (Acadian)  beds. 

When  one  considers  further  the  condition  of  the  science  at  the  time 
Emmons  first  proposed  the  system  and  the  conditions  under  which  he 
labored,  without  satisfactory  maps,  it  is  obviously  unfair  to  hold  him 
to  as  strict  an  account  as  would  be  justifiable  with  reference  to  the 
later  workers.  Even  were  it  true,  as  stated,  that  there  is  to-day  ^^no 
kncmn.  strain  in  of  rock  in  the  Taconic  range^'*  that  is  of  the  geological 
age  assigned  it  by  Doctor  Emmons,"  and  even  though  it  were  also  true 

o  Emmons's  granular  quartz  and  the  lower  part  of  the  Stockbridge  limestone  are 
to-day  regarded  as  older  than  the  Potsdam,  as  a  part  of  the  Low^r  ^fgpJjn^r^OQlc 
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that  "all  his  reasons  for  calling  the  Hudson  terrane  Tacimic  were 
based  on  errors  of  stratigraphy,  and  it  was  onl}'  a  fortunate  happening 
that  any  portion  of  the  upper  Taconie  rocks  occur  where  be  placed 
them  in  his  stratigraphic  scheme,"  still  there  would,  to  the  unpreju- 
diced, seem  to  be  abundant  room  for  the  recognition  of  the  name,  a  fact 
which  Mr.  Walcott  has  himself  recognized  by  the  adoption  of  the  bor- 
rowed term  Ordovician.  Moreover,  ruling  out  the  term  on  the  ground 
of  blundering  is  scarcely  just,  since,  as  Winchell  pertinently  remarks, 
a  similar  ruling  would  take  from  Columbus  the  credit  of  having  dis- 
covered America,  since  he  blundered  upon  it,  expecting  to  strike  India. 
The  following  tables  illustrate  the  three  principal  stages  of  the 
Taconie  controvers}'  up  to  1903,  in  the  columns  to  the  left  the  subdi- 
visions of  Emmons  being  given,  and  in  those  to  the  right  the  equiva- 
lents as  recognized  by  Dana  and  other  authorities. 


Taconie  of  1842. 


6.  Stockbridge  limestone 

I  a.  Magnesian     elate     of 
Greylock,  perhaps  a 
repetition  of  No.  3. 
b.  Granular  quartz 

4.  Limestone 

3.  Magnesian  slate  of  Taconie 

Mountains. 
2.  Sparry  limestone 


1.  Taconie  slate 

Taconie  of  1844^ 

I  a.  Bald  Mountain  black 
slate. 
b,  Taconie  slate 

4.  Sparry  limestone 


3.  Magnesian  slate 

2.  Stockbridge  limestone  ... 


1.  Granular  quartz . 


Taconie  of  1855, 


Upper 
Taconie. 


Lower 
Taconie. 


2.  Bald    Mountain 

black  slate. 
\.  Taconie  slate 

3.  Magnesian  slate  . 
2.  Stockbridge  lime- 
stone. 


EquiyalentB  of  1888. 


IL  Lower  Silurian 

III.  Hudson  slates — 


I.  Cambrian 

II.  Lower  Silurian 

III.  Hudson  slates 


II.  Lower  Silurian 


III    and    I.    Hudson 
slates  and  Cambrian. 


I.  Cambrian  , 


III    and    I.    Hudson 

slates  and  Cambrian. 

II.  Lower  Silurian 


III.  Hudson  slates 

II.  Lower  Silurian 


I.  Cambrian  . 


I.  Cambrian  . 


Ill    and    I.    Hudson 
slates  and  Cambrian. 

in.  Hudson  slates 

II.  Lower  Silurian 


Equivalents  of  IMS. 


1.  Granular  quartz .    I.  Cambrian 


(Upper  part  Lower  Silurian. 
\Lower  part  Lower  Cambrian. 
Lower  Silurian. 


Lower  Cambrian. 
Lower  Cambrian. 
Lower  Silurian. 

Upper  part  Lower  Silariftn; 

lower   part   Lower   Cab^ 

brian. 
Lower  Silurian. 


Lower  Cambrian. 
Lower  Silurian. 

Upper  part  Lower  Silurian; 
lower  part  Lower  Cam- 
brian. 

Lower  Silurian. 

Upper  part  Lower  Silurian; 
lower  part  Lower  Cam- 
brian. 

Lower  Cambrian. 


Lower  Cambrian. 
Lower  Silurian. 

Lower  Silurian. 

Upper  part  I^wer  Silurian; 
lower  i)art  Lower  Cam- 
brian. 

Lower  Cambrian. 
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Maclure,  1817.    (Wernerian.) 


Eaton,  1820. 


Cla.ss  IV.  Alluvial  rocks. 


Class  in.  Floetz  or  secondary  rocks. 


Class  II.  Transition  rocks . 


Class  I.  Primitive  rocks. 


1.  Peat. 

2.  Sand  and  gravel. 

3.  Loam. 

4.  Bog  iron  ore. 

5.  Nagel-fluh. 

6.  Calc  tuff.  I 

7.  Calc  sinter.  I 

12.  Newest  floetz  trap  ' 

formation. 

11.  Independent  coal 

formation.  ' 

10.  Floetz  trap  forma- 1 

tion.  ' 

9.  Chalk  formation. 

8.  Rook  salt  forma- 

tion. 

7.  Third  floetz  sand- 

stone. 

6.  Second  floetz 

sandFtone. 
5.  Second  floetz  gyp- 
sum. 

4.  Second  or  varie- 

gated sandstone. 

3.  First    or     oldest 

floetz  gjrpsum. 

2.  First    or    oldest 

floetz  limestone. 

1.  Old     Red    Sand- 

stone or  first 
sandstone  for- 
mation. 

5.  Transition 

sum. 

4.  Transition    flinty 

slate. 

3.  Graywaeke. 

2.  Transition  trap. 

1.  Transition    lime- 

stone. 
14.  White  limestone. 

13.  Primitivegypsum. 

12.  Primitive  flint. 

11.  Uuartz  rock. 
10.  Topaz  rock. 

9.  Syenite. 

8.  Porphyry. 

7.  Serpentine. 

6.  Primitive  trap. 

6.  Primitive  lime- 
stone. 

4.  Clay  slate. 

3.  Mica  slate. 

2.  (Jneiss. 
1.  Granite. 


V.  Alluvial  cla 


IV.  8u  perineum 
bent  class. 


Jld.  Alluvian. 
\ll.  Geest. 


fl6.  Greens 
15.  Basalt. 


gyp- 


III.  Secondary 
class. 


14.  Secondary 
sandstone. 

13.  Gypsum. 

12.  Compact  lime- 
stone. 

11.  Breccia. 


II.  Transition 
class. 


I.  Primitive 
class. 


10.  Red  sandstone. 

9.  Graywaeke. 

8.  Metalliferous 
limestone, 
i  7.  ArglUIte. 


6.  Granular 
limestone. 

5.  Talcose  rock. 

4.  Mica  slate. 

3.  Hornblende 
rock. 

2.  Gneiss. 

1.  Granite. 


The  position  of  the  volcanic  pro- 
ductions was  problematical,  but  it 
was  thought  tney  might  belong  to 
the  superincumbent  cla»«. 
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Ck>nybeare  and  Phillips,  1822.    (English.) 


Eaton.  1880. 


Alluvial,  diluvial. 

Regular  Htrata  above  the  chalk, 
including  upper  marine  (Suf- 
Superior  order  folk  crag,  Bagshot  sands)  fresh- 
water formations. 

London  clays,  plastic  clays,  and 

^    sands. 

Chalk. 

Chalk  marl. 

Greensand. 

Weald  clay. 


Supermedial 
order. 


Anomalous  deposits . 


Upper    OoliteJ 
division. 


Purbeck  beds. 

Portland  oolite. 

Kimmeridge  clay. 
Middle  OolitojCoral  rag. 
division.       loxford  crag. 

I  Corn  brash. 
Lower    Oolite  I Stonefleld  slate, 
division.       1  Forest  marble. 

[Great  Oolite. 
Lia.s. 

New  Red  Sandstone. 
.Magnesian  limestone. 


(Coal  Measures. 
Medial  or  car-  Millstone  grit  and  shale. 
boniferoufrjCarboniferous      or      Mountain 
order.  limestone. 

lOld  Red  Sand.stone. 


Class  V.  Tertiary  or  fifth  se- 
ries. 


Class  IV.  Upper  Secondary 
or  fourth  series. 


Class  III.  Lower  Secondary 
or  third  series. 


Claas  II.  Transition  or  sec- 
ond series. 


Class  I.  Primltiveor  first  se- 
ries. 


IV.  Analluvian. 
ta.  PoBt-Diluvioii- 
n.  Diluvion. 
.    I.  Volcanic- 
'23.  Shell  marl. 
22.  Marine  sand  and 

crag. 
21.  Marly  clay. 
20.  Plastic  clay. 
19.  Oolitic  rocks. 
18.  Third     gray- 

wacke. 


17.  Corniferous 

limestone. 
16.  Geodiferous 

limestone. 
15.  Lias. 

14.  Ferriferous  rock. 
13.  Saliferous  rock. 
12.  Second     gray- 

wacke. 
11.  Metalliferons 

limerock. 
10.  Calciferous  sand 

rock. 
9.  ^arry lime  rock. 
8.  First  gray  wacke. 
7.  ArgilJite. 
6.  Granular    lime- 
stone. 
5.  Granular  quartz, 
4.  Talcose  slate. 
3.  Hornblende 

rock. 
2.  Mica  slate. 
1.  Granite. 
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De  La  Beche,  1832. 


Superior 
stratified, 
or  fo}«il-\ 
iteroiis. 


1.  Modern  group 


2.  Erratic  block 
group. 


3.  Superior  Cre- 
t  a  e  e  o  u 
group. 


4.  (Cretaceous 
grpup. 


Detritus  such  as  is  pro- 
duced by  causes  now  in 
action,  as  coral  islands, 

,    travertine,  etc. 

Transported  bowlders  and 
blocKs;  gravel  on  hills 
and  plains  apparently 
produced  by  greater 
forces  than  those  now  In 
action. 

Various  deposits  above  the 
chalk,  such  as  the  Crag, 
Isle  of  Wight  beds,  Lon- 
don plastic  clay,  etc. 

1.  Chalk.  2.  Upper  Green 
sand.  3.  Qault.  4.  I^wer 
Greensand. 

1.  Weald  clay.  2.  Hastings 
sands.  3.  Purbeck  beds. 
5.  Ooliticgroup.  Oolite  and  Lias. 

l.  Variegated  or  red  marl, 
2.  Muschelkalk.  3.  Red 
sandstone.  4.  Zechstein, 
6.  Red  conglomerate. 

1.  Coal  Measures.  2.  Car- 
boniferous limestone.  8. 
Old  Red  Sandstone. 

Graywaeke,  graywacke 
limestone,  graywacke 
clay  slate,  etc. 

Various  slates,  frequently 
mixed  with  stratified 
compounds  resembling 
thoseof  unstratified  rocks, 
arious  schistose  rocks  and 
crystalline  stratified  com- 
pounds in  gneiss,  proto- 
gene,  etc. 

Ancient  and  modem  lava, 
trachyte,  basalt,  green- 
stone, comeans,  augite, 
and  hornblende  porphy- 
ries, serpentine,  aiallage 
rock,  sienite,  quartzifer- 
ouh  poryhyry,graiiite,etc. 


6.  Red    Sand- 
stone group. 

7.  Carboniferous 
group. 

8.  Graywacke 
group. 

9.  Lowest     Fos- 
sil iferous 

V        group. 

Inferlorf 
strati-  No  determinate 
fied :  non-{    order  of  super 
fossilifer-      |>Of«Jtion. 

'  ous.  I 


fVa 

I    "" 
I    8 


rVclcanic,    trap- 

UnstratiftedJ    Pf"*"' .^^^^^J 
mnira  I    tiuous,    and 

"^*"-  I   granitic  rocks. 


Lyell,  1837. 


B.  Newer    Mio- 
cene. 


C.  Older  Plio- 
cene. 


D.  Miocene 

K.  Eocene... 


F.  Cretaceous 
group. 


G.  W  e  a  1  d  e  n 
group. 


H.  Oolitic  or 
Jura  lime- 
stone group. 


I.  Lias  group 

K.  New     Red 

sandstone 

group. 


L.  Magnesian 
limestone 
group. 

M.  Carbonifer- 
ous group. 

N.  0 1  d  Red 
Sandstone 
group. 

O.  Silurian 
group. 


Primary  rocJcs. 


{Consolidated  aands 
and  gravels. 
Delta  formations, 
etc. 

Marine  and  freeb- 
watersandSfdays, 
Umestonea,  etc. 

Subappenine  marl, 
English  crag,  ma- 
rine and  fresh 
water. 

Faluns  of  Loire,  etc. 

Marine  and  fresh 
water. 

Calcaire  Grossier, 
etc.,  London  clays, 
sands,  etc. , marine 
and  fresh  water. 

1.  Maestricht  beds. 

2.  Chalk  with  flints. 

3.  Chalk   without 
flints. 

4.  Upper     Green - 
sand. 

5.  Gault 

6.  Lower     Green- 

sand. 

1.  Weald  clay. 

2.  Hastings  sands. 

3.  PurbecKbeds. 

1.  Portland  beds. 

2.  Kimmeridge 

clays. 

3.  Coral  rag. 

4.  Oxford  clay. 
6.  Combrash. 

6.  Forest  marble. 
,7.  Great  Oolite. 
8.  Puller's  earth. 
[9.  Inferior  Oolite. 
Lias. 

1.  Keuper. 

2.  Muschelkalk. 
Hunter     s  a  n  d  • 

stone. 

Magnesian  lime- 
stoneand  Zech- 
stein of  Ger- 
many. 

Red  conglomer- 
ate. 

Coal  Measures. 

Mountain  lime- 
stone. 


Old    Red   Sand- 
stone. 

1.  Ludlow  beds. 

2.  Wenlock  lime- 
stone. 

8.  Caradoc  sand- 
stone. 

4.  Uandeilo  flags. 

Rocks  older  than 
the  Silurian, 
gmywaoke,eto. 
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New  York  State  survey,  1841-1843. 


VIII.  Qaaternary  system. 


VII.  Tertiary  system. 
VI.  New  Red  Sandstone. 
V.  Carboniferous  system. 
IV.  Old  Red  Sandstone. 


/Erie  division 


Helderberg 
division. 


Ontario  divi- 
sion. 


Champlain 
,    division. 


Chemung  group. 

Portage  group. 

Genesee  group. 

Tully  limestone. 

Hamilton  group. 

Marcellus  shale. 

Corniferous  lime- 
stone. 

Onondaga  lime- 
stone. 

Schoharie  grit. 

Cauda  gallT  grit. 

Oriskany  s  a  n  d  - 
stone. 

Upper  Pentamer- 
ous  limestone. 

Encrinal  1  i  m  e  - 
stone. 

Delthyris  s  h  a  1  y 
limestone. 

Pentamerous  lime- 
stone. 

Waterlime  group. 

Onondaga  salt 
group. 

Niagara  group. 

Clinton  group. 

Medina  sandstone. 

Oneida,  or  Shaw- 
angunk  con- 
glomerate. 

Gray  sandstone. 

Hudson   River 


Tertiary  period. 


Ansted,  1844. 


group, 
tica    ' 


Utica  slate. 
Trenton  limestone. 
Black  River  lime- 
stone. 
Calciferous    sand- 
stone. 
Potsdam    sand- 
stone. 


II.  Taconic  system. 
I.  Primary  or  Hypogene  system. 


^"t5S^^*S'i*,lnfll>"«vium  and   allu- 
twene     depos-     ^^^ 

Newer  Tertiary  orlmm 

Pliocene.  r*"* 

Middle  Tertiary  orlRed  crag  or  coralline 

Miocene.  j    crag, 

gshoi 


Older  Tertiary  orl 
Eocene. 


Newer  second- /Cretaceous       sys- 
ary  period.     |      tem. 


Weal  den     forma- 
tion. 


Middle  second- 
ary period. 


Upper  Oolitic  sys- 
tem. 


Middle  Oolitic  sy.s- 
tem. 


Lower  Oolite . 


Older  second- 
ary period. 


Newer  Paleo- 
zoic system. 


Llassic  group. 

Upper  New  Red 
Sandstone  or  Tri- 
aasic  system. 

Magneslan  lime- 
stone or  Permian 
system. 


Carbonifert)us  sys- 
tem. 


Middle  Paleo-P^Y?'?'''"   f^S 


zoic  system. 


Upper 
rocks. 


Older  Paleozoic 
system. 


Lower 
rocks. 


MBagshot  sand, 
j  London  clay. 

Upper  chalK. 

Lower  chalk. 

Chalk  marl. 

Upper  Greenaand. 

Gault. 

Lower  Greensand. 

Wealden  clay. 

Hastings  sand. 

Purbeck  beds. 

Portland  stone. 

Portland  sand. 

Kimmeridge  clay. 

Upper  calc  grit. 

Coral  rag. 

Lower  calc  grit. 

Oxford  clay. 

Kelloway  rock. 

Combrasb. 

Forest  marble. 

Great  Oolite. 

Stonesfield  slate. 

Inferior  Oolite. 

Caicaieous  sand. 

Upper  Lias  shale. 

Lower  Lias  shale. 

Lower  Lias  limestone. 

Keuper. 

Muschelkalk. 

Bunter  sandsteln. 

Magneslan  limestone. 

Lower  New  Red  Sand- 
stone. 

Upper  coal  grit. 

Coal  Measures. 

MillsU>Til^  grit. 

Carboniferous  lime- 
stone. 

Lower   Carboniferous 

,    shales. 

Sla,^  and  limestones 
of  Devonshire,  con- 
glomerates, corn- 
8tone,and  tllestone. 

Ludlow  and  Wenlock 
SllurianJ    series,  and    Upper 
Cambrian  and  Cam- 
brian rocks. 

Caradoc  sandstone 
and  Llandeilo 
SllurianJ  flags,  Older  Cam- 
brian and  Cam- 
brian fossil  If  erous 
shales. 


or  Old  Red  Sand- 
stone. 
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De  La  Beche,  1851. 


Lyell,  1856. 


fA.  Upper  Tertiary 


Tertiary     orl 
Cainozoic.    1 


Secondary    or 
Mesozoic. 


a.  Mineral  accumu- 
lations of  the 
present  time. 

b.  Pleistocene. 

c.  Pliocene. 

B.  MiddleTertiary.  a.  Miocene. 

C.  Lower  Tertiary,  o.  Eocene, 
fa.  Chalk   or  Maes- 

tricht  of  Den- 
mark. 

b.  Ordinary  chalk, 
with  or  without 
flints. 

c.  Merstham  beds,  or 
Upper  Green - 
sand. 

d.  GauU. 

e.  Shanklin  sands, 
Neocomian,  or 
Lower  Green- 
sand. 

a.  Wealden. 

b.  HastluKS  sands. 

c.  PurbecK  beds, 
a.  Portland  or  Oolitic 

limestone. 

c.  Portland  sands. 

d.  Kimmeridge  clay. 

e.  Ck)ral  rag. 
/.  Oxford  clay. 


A.  Cretaceous 
group. 


B.  Marine  equiva- 
lents of  Creta- 
ceous group. 


C.  Jurassic  or  Oo- 
litic group. 


Primary   or 
Paleozoic. 


D.  Trias  group ... 


A.  Permian  group 

B.  Marine  equiya-1 

lents  of. 

C.  Carboniferous 
limestone  group. 

D.  Devonian 
group. 

E.  Silurian  group 


F.  Cambrian. 


a.  Cornbrash. 
h.  Forest  marble. 
i.  Fuller's  earth. 
k.  Inferior  Oolite. 
I.  Lias  (Upper  and 
Lower). 

a.  Variegated  marls. 

b.  Muscbelkalk. 

r.  Red  Sandstone 
(Bunter,etc.). 

a.  Zechstein. 

6.  Rothe  todte  lie- 
gende. 

a.  Coal  Measures. 

a.  Carboniferous  and 
Mountain  lime- 
stone, etc. 
6.  Carboniferous 

slates, 
a.  Various  modifica- 
tions of  Old  Red 
Sandstones, 
a.  Upper. 
6.  Middle. 
^c.  Lower. 
Various  rocks  subja- 
cent to  the  Silurian 
series  in  Wales  and 
Ireland  and  above 
the  mica  and  chlo- 
rite slates,  etc. 


Post  Tertiary |  l' 

>,i     fPliocene....|5; 
*-§iijMlocene 5. 

Sg^[Eocene j  7. 


fCretaceous., 


Jurassic. 


Triassic . 


Recent. 
Post  Pliocene. 
Newer  Pliocene. 
Older  Pliocene. 
Miocene. 
ITpper  Eocene. 
Middle  Eocene. 
Lower  Eocene. 


Maestricht  beds. 
Upper  white  chalk 
Lowerwhite  chalk 
Upper  Qreensand. 
Gault. 

Lower  Greensand. 
Wealden. 
Purbeck  beds. 
Portland  stone. 
Kimmeridge  clay. 
Coral  rag. 
Oxford  clay. 
Great    or    Bath 

Oolite. 
Inferior  Oolite. 
Lias. 

Upper  Trias. 
Middle  Trias  or 

Muschelkalk. 
Lower  Trias. 


Permian .... 

f28. 
Carbonlfer-^29. 
ous 


Devonian...  I^' 

Silurian fe 

Cambrian... ig^' 


Permian  or  magne- 
sian  limestone. 

Coal  Measures. 

Carboniferous 
limestone. 

Upper  Devonian. 

Lower  Devonian. 

Upper  Silurian. 

Lower  Silurian. 

Upper  Cambrian. 

Lower  Cambrian. 
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Phillipfl,  1855. 


Dana,  1862. 


W 


1^!  Chalk. 
.  S I  Oreenfland. 


PoB^Glacial. 

Oladal. 

Pre-Glacial. 

Crag. 

FIuvlo-Marine. 

London  clay. 

Plastic  clay. 


Age  of  Man. 

I  Po8t-Tertiary 1  Pleistocene  or  Post-Tertiary. 

Pliocene. 

Tertiary*- Miocene. 

Eocene. 


Wealden. 
Upper  Oolite. 
Middle  Dolite. 
Lower  Oolite. 
Lias. 
PolklliUc  series. 


«5  rt  ^  I  Perniiaii' 

9  pSq    Coal  series. 

*g  L  o    Mountain  limestone. 

35  ^ 


2  — 


I 

1  ■ 


Old  Red,  or  Devonian 
series. 


Ludlow. 

Wenlock. 

Caradoc. 

Llandello. 
£  Festlniog. 
J     Bangor. 


HypoKoIc  series. 


Mica  schist,  including  chlorite 
schist,  talc  schist,  quartz  roc  k . 
granular  limestone,  etc. 

Gneiss,  including  limestone, 
hornblende  schist,  etc. 

Granitic  rocks  which  are  not 
stratified  usually  form  the 
basis  of  the  strata,  and  are 
frequently,  but  not  by  any 
means  universally,  followed 
by  the  gneiss  and  mica  alate. 


5§ 


Wealden  . 


23  a* 


< 


Oolitic  epoch. 


Upoer  Cretaceous. 
Middle  Cretaceous. 
Lower  Cretaceous. 


Wealden. 


Llassic  epoch. 


Permian. 


Carboniferous . 


Purbeck,    Portland, 
Upper  Oolitic-     and    Kimmeridse 
clavs. 


Lower  Oolitic. 

U] 


irLias. 
die  Lias. 
Lower  Lias. 
Keuper. 
MuKhelkalk. 
Buntersandstone. 


Stonefleld. 
Inferior  Oolite. 


15 

14c 
146 
14a 


Permian. 

Upper  Coal  Measures. 
Lower  Coal  Measures. 
Millstone  grit. 


Subcarboniferous....j{}^,    L^S^'r. 


Catskill 12 

Chemung !|  J{^ 

10c 
10b 
10a 
9c 
96 
9a 


Hamilton  . 


Upper  Helderberg. 
Oriskany 


Lower  Uelderburg  . 


a  <  Sallna . 


£"     Niagara  . 


< 

o 

s 

•c 

s 

x: 

oB 

'i 

2 

Hudson  . 


Trenton  . 
Potsdam. 
Azoic 


I 


bd 
5c 
56 
5a 

r    46 
\    4a 


Chemung. 

Portage. 

Genesee. 

Hamilton. 

Marcel  lus. 

Upper  Helderberg. 

Schoharie. 

Cauda-galli. 

Oriskany. 


Lower  Helderberg- 


Saliferous. 

Niagara. 
Clinton. 
Medina. 
Oneida. 

Hudson  River. 
Utica. 

{Trenton. 
Black  River. 
Blrdseye. 
Chazy. 

CalciferouB. 
Potsdam. 


Azoic. 
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Dana,  1875-1879. 


Age  of  Man.  or  Quaternary. 

t  Poet-Tertiary Pleistocene  or  Post-Tertiary 

Pliocene. 

Tertiary ■  Miocene. 

i  Eocene. 


25 


Wealden  . 


I  'i 

I   Is 


Carbonileious 


Subcarbonlferous 


CatakiU... 
Chemmg 


Hamilton  ... 


Orlakany 

Lower  HeMerfaeisr. 
Salina 


Nia«Hna. 


5     Trenton . 


®     :«  ,  Canailian. 

ci  '   a*  ' 

i   3 


UpDer  Cretaceous. 
Miadle  Cretaceous. 
Lower  Cretaceous. 


Wealden. 


Upper  Oolite  .  Purbeck,  Portland,  and  Kimmeridge  clays. 
MlddleOoUte.|gX5:^y. 


Primordial  or  Cambrian  . 


15    I  Permian. 
I  f  lie  '  Upper  Coal  Measures. 
146    Lower  Coal  Measures. 
14a  ;  Millstone  grit. 

136     Upper. 
13a    Lower. 


12    I 

lib  I  Chemung. 
11a    Portage. 
10c    Genesee. 
106  I  Hamilton. 
10a  I  Marcellus. 

9c    Comiferous. 

96  ,  Schoharie. 

9a    Cauda-galU. 


Archeau. 


Oriskany. 

Lower  Helderberg. 

Salina. 

Niagara. 

Clinton. 

Medina. 

Cincinnati. 

Utica. 

Trenton. 

Cha«y. 

Quebec. 

Calciferous. 

Potsdam. 
Acadian. 


Archean. 
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Dana,  1896. 


fl      I  '  [Recent. 

5        Quaternary .{Champlaln. 


I" 


Tertiary . 


Upper  Cretaceous  . 


Lower  Cretaceous . 


Upper,  or  Portlandian  epoch  . . 
MIddl< 


ddle,  or  Oolitic  epoch . 


Lower,  or  Liaasic  epoch  . 


Upper  . . 
Middle . 
Lower . . 


[Glacial. 

[Eocene. 
Upper  Cretaceous. 


Lower  Cretaceous. 


(Upper  Oolite. 
Middle  Oolite. 
Lower  Oolite. 

(Upper  Lias. 
Marlstone. 
Lower  Lias. 

Keuper. 
Muschelkalk. 
Bun  tersandstein. 


Permian 

Carboniferous . 


Subcarbon  if  erous 


Upper  Devonian '|  J  J^ 


Middle  Devonian  or  Hamilton.  | 
Comiferous •[ 


Oriskany  . 


9  c 

?  as 

3^ 


Lower  Helderberg  . 


Onondaga . 


Niagara  . 


Trenton  . 


.  \  JV) 

[  Tmi 

r  Ac 

.  \  46 

[  4rt 


Permian. 

Upper  Coal  Measures. 

Lower  Coal  Measures. 

Millstone  grit. 

Upper,  or  Mauch  Chunk. 

Lower,  or  Pocono. 

Chemung  and  Catskill. 
Portage,  (ienesee. 

(Hamilton. 
\Marcellus. 

ComiferouK. 

Schoharie  and  Cauda-galli. 

Oriskany. 


Lower  Helderberg. 


Salina  and  waterlime. 

Niagara. 

Clinton. 

Medina. 

Hudson. 

rtica. 

Trenton. 


Canadian. 


M?ffiTe*; 
Lower. . 


3o  I  Chary. 

3a    Calclferous. 


2r  '  Potwlam. 
'2h  Acadian. 
2a    Georgian. 


Archean. 


Hunmian. 
Laurentian. 
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Appendix  B. 

BRIEF  BIOGRAPHICAL  SKETCHES  OF  THE  PRINCIPAL  WORKERS  IN 

AMERICAN  GEOLOGY. 

Adams,  Charles  Baker.    Conchologist  and  geolo^et. 

Bom  in  Dorchester,  Mass.,  January  11,  1814;  died  in  St.  Thomas,  West  Indies, 
January  18,  1853.  Graduated  at  Amherst  in  1834,  and  took  up  study  of  theology  at 
Andoyer,  leaving  there  to  join  E.  Hitchcock  on  geological  survey  of  New  York.  Pro- 
fessor of  chemistry  and  natural  history  in  Middlebury  College,  Vermont,  1838-1847. 
State  geologist  of  Vermont,  1845-1848.  In  1847  accepted  professorship  of  zoology 
and  astronomy  at  Amherst,  Failing  health  took  him  to  West  Indies,  where  he  died. 
Assisted  greatly  in  making  known  the  mollusk-fauna  of  Panama  and  West  Indies. 

Biogr.  Wm.  g.  Dall.    Some  American  Conchologiste,  Proc.  Biolog.  Soc.  of  Wa«hn.,  IV,  1886-88, 

pp.  112-116. 
H.  M.  Seeley,  Amer.  Geol.,  XXXII,  No.  1,  July,  1903,  pp.  1-12. 
Thos.  Bland,  Amer.  Jour,  of  Conchology,  I,  pp.  191-204.    1865. 

Agahhiz,  Jean  Louis  Rodolphe.     Zoologist  and  glacialist. 

Born  in  Motier,  Switzerland,  May  28,  1807;  died  in  Cambridge,  Mass.,  December 
14,  1873.  In  1832,  professor  in  the  Academy  of  Neuchatel.  In  1846,  came  to  United 
States  and  in  1847,  appointed  professor  of  zoology  and  geology  in  Harvard  Univer- 
sity. In  1851,  professor  of  comparative  anatomy  in  Charleston,  S.  C.  In  1859, 
founded  in  Cambridge  the  Museum  of  Comparative  Zoology.  Best  known  as  a  lec- 
turer, teacher,  and  authority  on  fossil  fishes,  and  as  the  father  of  the  glacial  theory. 
His  !^tudes  sur  les  Glaciers  appeared  in  1840  and  his  Glacial  System  in  1847. 

Biogr.  life  and  Correspondence,  by  Elizabeth  C.  Agassiz,  Boston,  1886. 
Biogr.  Life  and  Letters  of  Louis  Agassiz,  by  Jules  Marcou,  Boston,  1896. 
Memoir  of  Louis  Agassiz,  by  Arnold  Ouyot.    Biog.  Mems.  Nat.  Acad.  Sci.,  II,  1886. 
Richard  Bliss,  Pop.  Scl.  Monthly,  IV,  March,  1874,  pp.  608-618. 

Akerly,  Samuel.    Physician. 

Bom ,  1785;  died  on  Staten  Island,  New  York,  July  6,  1845.      Graduated 

from  Columbia  College,  1804.     Wrote  mainly  on  medical  subjects.     His  principal 
geological  publication  was  an  essay  on  the  geology  of  the  Hudson  River. 
Aldrich,  Truman  Heminway. 

Born  in  Palmyra,  N.  Y.,  October  17,  1848.  Graduated  at  the  Rensselaer  Poly- 
technic Institute,  Troy,  N.  Y.,  as  a  mining  and  civil  engineer,  in  1869.  Assistant 
engineer  on  various  railroad  sur\^eys  and  public  works  in  New  Jersey  till  1871,  when 
he  moved  to  Alabama  and  became  interested  in  coal  mining.  His  publications  are 
mainly  on  coal  and  recent  shells  and  Tertiary  fossils. 
Alger,  Francis. 

Bom  in  Bridgewater,  Mass.,  March  8,  1807;  died  in  Washington,  D.  C,  November 
27,  1863.  In  1826-27,  made  collecting  trips  into  Nova  Scotia,  and  in  1828-29, 
explored  in  the  same  Province  with  C.  T.  Jackson.  In  1844,  published  an  edition  of 
Phillips's  Mineralogy. 
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Andrews,  Ebenezbk  Baldwin.    Theolof^ian  and  geologist. 

Born  in  Dan  bury,  Conn.,  April  29,  1821;  died  in  Lancaster,  Ohio,  Augnst  14,  1880. 
Graduated  from  Marietta  Collie  in  1842.  In  1851-1869,  professor  of  geology  in 
Marietta  College,  and  then  became  assistant  geologist  to  the  Ohio  State  survey. 
Author  of  Text-book  on  Elementary  (reology,  Cincinnati,  1878. 

Antisell,  Thomas,  Physician  and  chemist. 

Bom  in  Dublin,  Ireland,  January  16,  1817;  died  in  Washington,  D.  C,  June  14, 
1893.  By  profession  a  chemist  and  surgeon.  Came  to  America  in  1848  and  practiced 
medicine  in  New  York  for  six  years,  at  same  time  lecturing  in  colleges  in  Wood- 
stock, Vt.,  Pittsfield,  Mass.,  and  Berkshire  Medical  Institute.  In  1854-1856,  served  as 
geologist  on  Pacific  Railroad  Survey  under  Lieut.  J.  G.  Parke.  In  1861-1865,  sui^geon 
in  Union  Army.  In  1866-1870,  chief  chemist  in  Department  of  Agriculture.  In 
1871-1877,  m  Japan  in  service  of  Imperial  Government  as  chemist  and  technologist. 

Biogr.  Wm.  H.  Seamans,  Philos.  Soc.  of  Washn.,  Bull.  Xin,  pp.  967-184. 
Yearbook  of  Agr.  Dept.,  1899,  p.  238. 

AsHBURNER,  Charles  Albert.     Mining  engineer. 

Born  in  Philadelphia,  Pa.,  February  9,  1854;  died  in  Pittsburg,  Pa.,  December 24, 
1889.     Economic  geologist  with  especial  reference  to  petroleum,  gas,  coal,  and  iron. 
Trained  as  a  civil  engineer,  but  soon  abandoned  the  calling  for  that  of  geologist. 
Geologist  to  second  geological  survey  of  Pennsylvania,  1873-1886. 
Biogr.  Amer.  Qeologlst,  VI,  August,  1890,  pp.  69-78. 

Barnes,  Daniel  Henry.     Baptist  clergyman  and  educator.  • 

Bom  in  Canaan,  Columbia  County,  N.  Y.,  April  25,  1785;  killed  in  runaway  acci- 
dent in  Troy,  N.  Y.,  October  27,  1828.  Graduated  in  theology  from  Union  College 
in  1809  and  in  1816,  became  principal  of  the  classical  department  of  that  institution. 
In  1819,  made  professor  of  languages  in  the  Baptist  Theological  Seminary,  New  York 
City.  Rendered  valuable  service  on  original  edition  of  Webster's  Dictionary.  Pub- 
lished but  one  purely  geological  paper — a  geological  section  of  the  Canaan  Mountains. 

Blogr.  Am.  Jour.  Scl.,  XV,  1829.  p.  401. 

Barrib,  Willis  Hervey.     Clergyman. 

Born  in  Beaver  County,  Pa.,  July  9,  1821;  died  in  Davenport,  Iowa,  June  10, 1901. 
Clergyman  and  teacher,  interestexi  in  the  sciences,  particularly  in  geology.  One  of 
the  founders  of  the  Davenport  Academy  of  Sciences.  Published  three  brief  papers 
on  the  local  geology  of  Davenport 

Blogr.  C.  a.  White.    Annals  of  Iowa,  October,  1901,  p.  219. 

Beck,  Lewis  Caleb.     Chemist. 

Born  in  Schenectady,  N.  Y.,  October  4, 1798;  died  in  Albany,  N.  Y.,  April20, 1853. 
At  time  of  death  held  the  professorships  of  chemistry  and  natural  history  at  Rutgers 
College,  New  Jersey,  and  of  chemistry  in  Albany  Medical  College. 
Am.  Jour.  Sc.,  XVI,  1853,  pp.  149-150. 

Bkjsby,  John  J.     Physician. 

A  British  medical  officer.     Wrote  principally  on  Canadian  geology. 
Billings.  Elkanah.    Paleontoloarist. 

Born  in  Gloucester,  Canada,  May  5, 1820;  died  in  Montreal,  Canada,  June  14, 1876. 
Educated  as  a  lawyer.  In  1852-1855,  editor  of  the  Citizen,  at  Renfrew,  Canada.  In 
1856  established  the  Canadian  Naturalist.  From  1856  to  time  of  his  death  paleon- 
tologist to  the  provincial  government. 

BiogT.  Henry  M.  kmi.    Amer.  Geologist,  XXVU,  No.  5, 1901,  pp.  265-281. 

BiNNEY,  Amos.    Conchologist. 

Bom  in  Boston,  Mass.,  October  18,  1803;  died  in  Rome,  Italy,  February  18,  1847. 
(Graduated  from  Brown  University  in  182L  ^  j 
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Blakb,  William  Phipps.    Geologist. 

Born  in  New  York,  June  1,  1826.    Graduated  from  Yale  Scientific  School  in  1862. 
Geologist  and  mineralogist  for  U.  S.  Pacific  Railroad  Expedition  in  1853.     Became 
professor  of  mineralogy  and  geology,  College  of  California,  1864;  now  director  of 
School  of  Mines,  University  of  Arizona,  and  Territorial  geologist. 
Booth,  Jambs  Cubtis.    Chemist 

Bom  in  Philadelphia,  Pa.,  July  28,  1810;  died  in  West  Haverford,  Pa.,  March  21, 
1888.  Professor  of  applied  chemistry,  Franklin  Institute.  In  1849  appointed  super- 
intendent of  smelting  and  refining  precious  metals  in  United  States  Mint.  Assistant 
on  geological  survey  of  Pennsylvania  and  State  geologist  of  Delaware,  1839-1841. 

Lamb's  Biog.  Diet,  of  United  States. 
Bradley,  Frank  Howe.    Geologist. 

Bom  in  New  Haven,  Conn.,  September  20, 1838;  died  near  Nacoochee,  Ga.,  March 
27, 1879.  In  1867,  assistant  geologist.  State  survey  of  Illinois.  In  1869-1875,  professor 
of  geology  and  mineralogy  in  the  University  of  Tennessee.  During  summer  of  1872, 
assistant  geologist  in  the  Hay  den  surveys.  After  1875  engaged  in  private  work. 
Killed  by  a  cave-in  in  a  gold  mine. 

Am.  Jour.  Sci.,  XVU,  1879,  p.  416. 
Bramby,  R.  S. 

Bom  in  Statesburg,  S.  C,  August  4,  1804;  died  near  Athens,  Ga.,  October  6, 1871. 
Received  a  classical  education  and  became  first  a  lawyer,  then  a  newspaper  editor. 
From  1834  to  1849,  professor  of  chemistry,  mineralogy,  and  geology  in  the  University 
of  Alabama.  In  the  latter  year  elected  to  a  similar  position  in  South  Carolina  Col- 
lege in  Columbia,  S.  C,  where  he  remained  until  1856. 
Brannbr,  John  Casper.    Geologist. 

Bom  in  Newmarket,  Tenn.,  July  4, 1850.  Graduated  from  Cornell,  1874.  Geolo- 
gist on  Imperial  Geological  Commission,  Brazil,  1875-1877;  topographical  geologist, 
geological  survey  of  Pennsylvania,  1883-1885;  professor  of  geology.  University  of 
Indiana,  1885-1892;  State  geologist  of  Arkansas,  1887-1892.  Professor  of  geology, 
Leland  Stanford  Junior  University,  since  1892. 
Brewer,  William  Henry.    Chemist  and  geologist. 

Born  in  Poughkeepsie,  N.  Y.,  September  14,  1828.  Graduated  from  Yale  in  1852; 
studied  at  Heidelbeig,  Munich,  and  Paris.  Professor  of  chemistry  and  geolog\', 
Washington  College,  Pennsylvania,  1858-1860;  first  assistant  on  geological  survey  of 
California,  1860-1864;  professor  of  chemistry,  University  of  California,  1863-64. 
Professor  of  agriculture  at  Yale  since  1864. 
Briggs,  Caleb. 

Born  in  North  Rochester,  Mass.,  May  24,  1812;  died  in  North  Rochester,  Mass., 
September  28,  1884.  Assistant  on  geological  survey  of  Ohio  under  Mather,  1837,  and 
on  geological  survey  of  Vii^nia  under  Rogers  in  1839.  Worked  principally  in  the 
coal  and  iron  formations. 

Biogr.  Chas.  Whittlesey.    Mag.  of  Western  History.  II,  1885. 
Broadhead,  Garland  Carr.    Geologist. 

Bom  in  Albemarle  County,  Va.,  October  30,  1827.     Civil  engineer.  Pacific  Rail- 
road of  Missouri,  1852-1857;  assistant  geologist  of  Missouri,  1857-1861  and  1871-1873; 
State  geologist  of  Missouri,  1873-1875;  assistant  geologist  of  Illinois,  1868;  professor 
of  geology.  University  of  Missouri,  1887-1897. 
Brooks,  Thomas  Benton.    Geologist. 

Born  in  Monroe,  N.  Y.,  June  15,  1836;  died  in  Newburgh,  N.  Y.,  November  22, 

1900.    Began  life  as  a  land  surveyor.     In  1865,  engaged  on  general  survey  of  New 

Jersey.     In  1866-1869,  vice-president  and  general  manager  of  Iron  Cliff  mine  in  the 

Marquettedistrictof  Michigan.   In  1869-1873,  connected  with  State  survey  of  Michigan. 

Biogr.  Bailey  WUlia.    Science,  Mar.  22, 1901.  L^yu^t^u  uy  ^^  ^  ^^  ^C 
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Bruce,  Archibald.     Physician  and  mineralogist.. 

Born  in  New  York  City  in  February,  1777;  died  in  New  York,  February  22,  1818, 
During  a  two  years*  tour  of  Europe  he  collected  a  valuable  mineralogical  cabinet, 
and  returned  to  the  United  States  in  1803,  to  enter  on  the  practice  of  medicine. 
Assisted  in  organization  of  College  of  Physicians  and  Surgeons  of  State  of  New  York. 
Established  Journal  of  American  Mineralogy.  Professor  of  materia  medica  and 
mineralogy  in  College  of  Physicians  of  New  York  and  Rutger*8  College,  New  Jersey. 
Blogr.  Am.  Jour.  Sci.,  I,  1819,  pp.  299-304. 

Buckley,  Samuel  Bothford.     Botanist. 

Born  near  Penn  Yan,  in  Yates  County,  New  York,  May  9,  1809;  died  in  Austin, 

Tex.,  February  18, 1884.     Graduate  of  Wesleyan  University,  Middletown,  Conn.,  1836. 

Taught  botany  in  Illinois,  Alabama,  and  other  Southern  States.     Discovered  zeuglo- 

don  skeleton  in  Clarke  County,  Ala.,  in  1841.     In  1866-67,  State  geologist  of  Texas. 

Bull.  Torrey  Botanical  Club,  XI. 

Chamberlin,  Thomas  Crowder.     Geologist. 

Bom  in  Mattoon,  111.,  September  25,  1843.  Graduate  of  Beloit,  1866.  Professor 
of  natural  science.  State  normal  school,  Whitewater,  Wis.,  1869-1873;  professor  of 
geology,  Beloit,  1882-1887;  president  of  University  of  Wisconsin,  1887-1892.  Assist- 
ant State  geologist  Wisconsin,  1873-1876;  chief  geologist  Wisconsin,  1876;  United 
States  geologist  in  charge  of  glacial  division  since  1882;  geologist  of  Peary  Relief 
Expedition,  1894.     Since  1892  head  professor  of  geology.  University  of  Chicago. 

Chance,  Henry  Martyn.     Mining  engineer  and  geologist. 

Bom  in  Philadelphia,  January  18,  1856.  Graduated  from  University  of  Pennsyl- 
vania, 1874.     Assistant  geologist,  Pennsylvania  geological  survey,  1874-1884. 

Church,  John  Adams.    Metallurgist  and  «mining  engineer. 

Born  in  Rochester,  N.  Y.,  April  5, 1843.  Graduated  from  Columbia  in  1867.  Acting 
professor  of  mineralogy  and  metallurgy,  Columbia  School  of  Mines;  editor  Engi- 
neering and  Mining  Journal,  1872-1874;  for  some  time  connected  with  U.  S.  Geo- 
logical Survey;  professor  mining  and  metallurgy,  Ohio  State  University,  1878-1881. 

Claypole,  Edward  Waller.     Geologist. 

Born  in  Ross,  Hereford,  England,  June  1,  1835;  died  in  Long  Beach,  Cal.,  August 
17,  1901.  Came  to  United  States  in  1872  and  became  professor  of  natural  science  at 
Antioch  College,  Yellow  Springs,  Ohio,  in  1873.  In  1881-1883,  connected  with 
second  geological  survey  of  Pennsylvania.  In  1883,  appointed  professor  of  natural 
science  in  Buchtel  College,  Akron,  Ohio.  In  1898  to  time  of  his  death,  professor  of 
geology  and  biology  at  Throop  Polytechnic  Institute,  Pasadena,  Cal. 

Biogr.  Theo.  B.  Comstock  and  Geo,  M.  Richardson.    Amer.  Geol.,  XXIX,  1902,  No.  1,  pp.  1-47. 

T.  B.  Comstock.    Bull.  Geol.  8oc.  of  America,  XIII,  Feb.,  1903,  pp.  487-97. 

Cleaveland,  Parker.     Chemist  and  mineralogist.      '    • 

Born  in  Essex,  Mass.,  January  15, 1780;  died  in  Brunswick,  Me.,  0<5toberl6,  1858. 
Graduated  at  Harvard  in  1799.  In  1805,  appointed  professor  of  mathematics,  natural 
philosophy,  chemistry,  and  mineralogy  in  Bowdoin  College,  and  continued  to  teach 
these  branches  (with  exception  of  mathematics)  until  time  of  his  death.  Is  best 
remembered  as  a  teacher  and  mineralogist. 
Blogr.  Am.  Jour.  8ci.,  XXVI,  1868,  pp.  448-9. 

CoLLETT,  John.     Geologist. 

Bom  in  Eugene,  Ind.,  January  10,  1828;  died  in  Indianapolis,  Ind.,  March  15, 
1899.  Graduated  from  Wabash  College,  Crawfordsville,  Ind.,  in  1847.  From  1869 
to  1879  assistant  under  E.  T.  Cox  in  State  survey  of  Indiana,  and  in  last-named  year 
made  State  geologist  and  statistician.  1880  api)ointed  geologist  in  chief  for  a  term  of 
four  years.     At  the  end  of  his  term  of  service  he  retired  to  private  lifQ. 
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CoNKLiNG,  Alfred  Ronald. 

Born  in  New  York,  September  28,  1850.     Graduated  from  Yale  in  1870.     For  a 
short  time  connected  with  U.  S.  Geological  Survey  under  Hayden. 
Conrad,  Timothy  Abbott.     Conchologist  and  paleontologist. 

Born  near  Trenton,  N.  J.,  June  21,  1803;  died  in  Trenton,  N.  J.,  August  9,  1877. 
By  profession  a  printer.  Geologist  and  paleontologist  of  New  York  State,  1827-1842. 
Prepared  official  reports  on  the  fossils  collected  by  the  Wilkes  Exploring  Expedi- 
tion, the  expedition  of  Lieutenant  Lynch  to  the  Dead  Sea,  and  the  Mexican  Bound- 
ary Survey.  He  also  published  an  important  work  on  the  fossil  shells  of  the  Tertiary 
formation  of  North  America. 

BiogT.    Wm.  H.  Dall.    Proc.  Blolog.  Soc.  of  Washington,  IV,  1886-88,  pp.  112-114. 
Cook,  George  Hammell.    Geologist. 

Bom  in  Hanover,  N.  J.,  January  6,  1818;  died  in  New  Brunswick,  N.  J.,  Septem- 
ber 22,  1889.  In  1839-1842,  tutor  or  adjunct  professor  and  1842-1846,  senior  professor 
at  the  Rensselaer  Polytechnic  Institute.  In  1848-1851,  connected  with  Albany  Acad- 
emy at  Albany,  N.  Y.  In  1853,  professor  of  chemistry  and  natural  science  at  Rut- 
gers College,  New  Brunswick,  N.  J.  In  1854-1856,  assistant  geologist  of  State  of  New 
Jersey.  In  1864,  made  State  geologist,  a  position  which  he  continued  to  fill  till  time 
of  his  death. 

Biogr.   James  Neilson.    Addrees  before  faculty  of  Rutgers  Ck>llege,  1890. 
Cooper,  Thomas.     Educator. 

Bom  in  London,  England,  October  22,  1759;  died  in  Columbia,  S.  C,  May  11, 
1840.  Came  to  America  in  1795  and  served  for  brief  periods  as  professor  of  chem- 
istry and  allied  sciences  and  law  in  Dickinson  College,  University  of  Pennsylvania, 
University  of  Virginia,  and  South  Carolina  Collie,  becoming  president  of  last  named 
in  1821  and  serving  until  1833. 

BiogT.    History  of  Higher  Education  in  South  Carolina  by  Colyer  Meriweather.    Bureau  of 
Education.  Washn.,  1889. 

Cope,  Edward  Drinker.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  July  28,  1840;  died  in  Philadelphia,  April  12,  1897. 
Vertebrate  paleontologist.  Professor  of  natural  science  at  Haverford  College,  Pa., 
1864-1867;  connected  with  theU.  S.  Geological  Surveys  under  Lieut.  G.  M.  Wheeler, 
1874,  and  Dr.  F.  V.  Hayden.  Curator  of  Academy  of  Natural  Sciences  of  Philadel- 
phia, 1865-1873.  Professor  of  geology.  University  of  Pennsylvania,  1889.  For  many 
years  editor  of  the  American  Naturalist. 

Blogr.    P.  Frazer.    Amer.  Geol.,  XXVI,  Aug.,  1900. 

Cornelius,  Elias.     Clergyman. 

Bom  in  Somers,  N.  Y.,  July  31, 1794;  died  in  Hartford,  Conn.,  Februarj^  12,  1832. 
A  clergyman  who,  in  company  with  many  others  of  his  time,  was  intereste<i  in  the 
sciences.     Wrote  a  little,  but  did  no  active  work. 
Biogr.    Bela  Hubbard.    Nat.  Oyclo.  Am.  Biogr,  1883. 

CorriNG,  John  Rcggles.    Clergyman. 

Born  in  Acton,  Mass.,  1784;  died  in  Milledgeville,  Ga.,  October  18, 1868.  A  clergy- 
man interested  in  science.  Removed  to  Augusta,  Ga.,  in  1835,  and  was  engaged  by 
private  parties  to  make  agricultural  survey  of  Burke  and  Richmond  counties.  The 
work  was  complete*!  in  1836,  and  map  and  drawings  dejKMdted  in  the  Medical  College 
at  Augusta.  Report  published  in  1836.  State  geologist  of  (Georgia  for  two  years. 
Biogr.  Am.  Min.  Jour.,  XLV,  1868.  p.  141. 

CouTHOUY,  Joseph  Pirrv.    Conchologist. 

Born  in  Boston,  Mass.,  January  6,  1808,  of  French  extraction;  shot  on  U.  S.  S. 
Chillicothey  off  (irand  P>ore,  La.,  April  3,  1864,  and  dietl  following  <lay.  In  early  life 
shippecl  as  sailor  on  his  father's  vessel.     In  18J^,  became  member  of  Boston  Societv 
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of  Natural  History;  was  conchologist  to  Wilkes  Exploring  Expedition  for  two  years. 
Commanded  United  States  vessels  from  outbreak  of  rebellion  until  he  lost  his  life. 

Biogr.  Wm.  H.  Dall.    Some  Amer.  Conchologiatn.    Pfoc.  Biolog.  8oc.  of  Washu.,  IV,  1886-88, 
pp.  108-111. 

Cox,  Edward  Travehs.     Geologist. 

Bom  in  Culpei)er  County,  Va.,  April  21,  1821.  Studied  geology  and  chemistry 
untler  D.  D.  Owen  and  serve<l  as  assistant  on  surveys  of  Kentucky  and  Arkansas. 
In  1868-1880,  8tat*»  geologist  of  Indiana. 

COZZENS,  ISSACHAR. 

Bom  in  Newport,  R.  I.,  December  15,  1780,  died  in Guttenberg,  N.  J.,  April  17, 1865. 
Cozzens's  claim  to  recognition  as  a  geologist,  so  far  as  his  publications  are  concerned, 
is  based  upon  his  geological  history  of  Manhattan  or  New  York  Island,  dated  1843. 

Biogr.  Genl.  A.  W.  Vogdes.    Amer.  Geolog.,  XXIV,  No.  6,  1899,  pp.  327-8. 

Dalb,  Thomas  Nelson,     (leologist. 

Bom  in  New  York  City,  November  25,  1845.  Professor  of  geology,  zoology,  and 
botany,  Drory  College,  Missouri,  1877;  professor  of  geology,  Vassar  College,  1878;  con- 
nected with  U.  S.  Geological  Survey  since  1885 — as  field  assistant,  1885-1889;  assist- 
ant geologist,  1890-91;  geologist,  1892  to  date.  Instructor  in  Williams  College — in 
geology,  1893;  botany,  1897;  resigned,  1901. 

Dall,  William  Healey.    Naturalist. 

Born  in  Boston,  Mass.,  August  21,  1845.  Studied  natural  sciences  under  Louis 
Agassiz.  Paleontologist  on  U.  S.  Geological  Survey,  1884-1898.  Since  1880,  attached 
to  U.  S.  National  Museum;  since  1893,  also  professor  invertebrate  paleontology,  Wag- 
ner Institute  of  Sciences,  Philadelphia. 

Dana,  Edward  Salisbury.    Mineralogist. 

Bom  in  New  Haven,  Conn.,  November  16, 1849.  Graduated  from  Yale  University 
in  1870;  also  studied  in  Heidelberg  and  Vienna.  Member  of  Yale  faculty  since 
1874.  Editor  American  Journal  of  Science.  Author  of  Text-Book  and  System  of 
Mineralogy. 

Dana,  James  Dwight.     Geologist. 

Born  in  Utica,  N.  Y.,  Febraary  12,  1813;  died  in  New  Haven,  Conn.,  April  14, 
1895.  Entered  Yale  in  1830,  but  withdrew  in  August,  1833,  to  become  instroctor  in 
mathematics  in  the  Navy.  In  1836,  reentered  Yale,  remaining  two  years,  serving  as 
assistant  to  Professor  Silliman.  In  1838-1842,  geologist  and  mineralogist  to  the  Wilkes 
Exploring  Exj>edition.  In  1846,  became  editor  of  American  Journal  of  Science.  In 
1850,  appointed  professor  of  natural  history  in  Yale  College,  the  title  in  1864  being 
changed  to  professor  of  geology  and  mineralogy.  Retained  this  chair  until  1890,  when 
he  retire<i  from  active  university  work.  *  *  The  foremost  geologist  of  America  and  one 
of  the  foremost  of  the  world.** 

Biogr.  E.  S.  Dana.    Am.  Jour.  Scl..  XLIX,  1895.  pp.  1-28. 

C.  E.  Beecher,  Am.  Geol.,  XVII,  189«,  pp.  1-16. 

Joseph  Le  Conto.    Bull.  Geol.  Soc.  Amer.,  VII,  1896,  pp.  461-479. 

D.  C.  Gilman.    The  Life  of  Jamea  Dwight  Dana,  1899. 

Dana,  Samuel  Luther.     Chemist. 

Bom  in  Amheret,  N.  H.,  July  11,  1795;  died  in  Lowell,  Mass.,  March  11,  1868. 
(iratluateil  in  medicine  in  1818  and  practice<l  until  1826.  Chemist  to  the  Newton 
(yhemical  Company,  from  about  1826-1834.  Consulting  chemist  of  Merrimac  Manu- 
facturing Company,  at  Ix)well,  Mass.,  1834-1868.  With  his  brother  J.  F.  Dana, 
published  a  work  on  the  mineralogy  and  geology  of  Boston  and  vicinity. 

Biogr.  Pop.  Scl.  Monthly,  pp.  692-697. 
Am.  Jour.  Soi..  XLV,  1868,  p.  425. 
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Dawson,  George  Mercer,    (leologist. 

Bom  in  Pictou,  Nova  Scotia,  August  1,  1849;  died  in  Ottawa,  Canada,  Marcli  2, 1901. 
Graduated  at  the  London  School  of  Mines  in  1872,  and  became  geologist  and  botanist 
on  North  American  Boundary  Surveys,  1873.  Connected  with  Greological  Survey  of 
Canada  from  1875  to  time  of  his  death,  succeeding  Selwyn  as  director  in  1895. 

Biogr.  Prank  D.  Adams.    Bull.  Oeol.  Soc.  of  America,  XIII,  Feb..  1903,  pp.  497-S09. 
Dawson,  John  William.    Stratigraphical  geologist  and  paleobotanist. 

Bom  in  Pictou,  Nova  Scotia,  October  13,  1820;  died  in  Montreal,  Canada,  Novem- 
ber 19,  1899.  Superintendent  of  education  in  Nova  Scotia,  1850.  Principal  of  McGill 
University,  1855-1893.  The  author  of  many  works  bearing  upon  science  and  religion ; 
his  most  important  books  being  Acadian  Geology,  the  first  edition  of  which  appeared 
in  1855;  the  Greological  History  of  Plants;  Air  Breathers  of  the  Coal  Period;  and  the 
Dawn  of  Life.  One  of  the  most  eminent  advocates  of  the  theory  of  the  organic  ori- 
gin of  the  Eozoon  oanademe. 

Biogr.  Ball.  Qeol.  Soc.  Amer.,  XI,  1899,  pp.  560-580. 
H.  M.  Ami.  Ajner.  Geol.,  XXVI,  1900,  pp.  1-67. 
Eng.  &  Min.  Jour.,  LXVIII,  No.  28,  Dee.  2, 1899,  p.  664. 
Canadian  Rec.  of  Sci.,  VIII,  1900,  pp.  137-149. 

Dbanb,  James.     Physician. 

Bom  in  Coleraine,  Mass.,  February  24,  1801;  died  in  Greenfield,  Mass.,  June  8, 
1858.  Physician  by  profession,  his  claim  to  geological  recognition  being  founded 
upon  his  work  on  fossil  footprints  in  the  sandstones  of  the  Connecticut  Valley,  to 
the  study  of  which,  contemporaneously  with  Hitchcock,  he  devoted  much  attention. 
Dbwey,  Chester.     Naturalist. 

Bom  in  Shefl&eld,  Mass.,  October  25,  1784;  died  in  Rochester,  N.  Y.,  December 
5,  1867.  Tutor  in  Williams  College,  1808-1810.  In  1810-1817,  professor  of  mathe- 
matics and  natural  philosophy,  also  professor  and  lecturer  on  chemistry  and  botany 
in  medical  colleges  of  Pittsfield,  Mass.,  and  Woodstock,  Vt.,  for  many  years.  In 
1836-ia')0,  principal  of  the  Collegiate  Institute  of  Rochester,  N.  Y.  In  1850-1860, 
professor  of  chemistry  and  natural  philosophy.  University  of  Rochester. 
DucATEL,  Julius  Timolbon.    Chemist. 

Bom  in  Baltimore,  Md.,  June  6,  1796;  died  there  April  23,  1849.  Professor  of 
natural  philosophy  in  Mechanic's  Institute  of  Baltimore,  and  of  chemibtry  and 
geology  in  faculty  of  arts  and  sciences  in  the  University  of  Maryland.  In  1830  suc- 
ceeded Doctor  Butts  in  the  chair  of  chemistry  in  the  medical  department  of  the 
university.  In  1835,  in  conjunction  with  J.  H.  Alexander,  made  a  preliminary 
reconnaissance  of  Maryland;  was  appointed  professor  of  chemistry,  mineralogy,  and 
geology  in  St.  John's  College,  Annapolis,  but  in  1838  or  1839  resigned  both  appoint- 
ments to  devote  himself  to  the  survey  work. 

Obituary.    Am.  Jour.  Scl.,  VIII,  1849,  pp.  146-149. 
DuTTON,  Clarence  Edwabd.    Major  in  United  States  Army  and  geologist. 

Born  in  Wallingford,  Conn.,  May  15, 1841.     Graduated  from  Yale  in  1860.  •  Entered 
United  States  Army  in  1862,  and  after  civil  war  devoted  leisure  to  study  of  geology. 
In  1875-1891,  detailed  for  duty  with  U.  S.  Geological  Survey. 
DwiGHT,  William  Buck.    Geologist. 

Bom  in  Constantinople,  Turkey,  May  22,  1833.  Graduated  from  Yale  Univer- 
sity, 1857.  In  1865-1867,  engaged  in  mining  explorations  in  Virginia  and  Missouri. 
In  1867-1870,  taught  at  West  Point.  In  1870-1878,  professor  of  natural  sciences  at 
State  Normal  School  of  Connecticut;  since  1878,  professor  of  natural  history ,  Vassar 
College. 
Eaton,  Amos.    Geologist  and  educator. 

Bom  in  Chatham,  N.  Y.,  May  17,  1776;  died  in  Troy,  N.  Y.,  May  6, 1842.  Grad- 
uated from  Williams  College,  1799,  and  subsequently  8tudie<l  and  practiced  law.    Jn 
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1815,  studied  mineralogy  and  geology  with  Professor  Silliman.  Returned  to  Wil- 
liams College  and  gave  course  of  lectures  on  botany,  geology,  and  mineralogy  to  vol- 
unteer students.  In  1820,  appointed  professor  of  natural  history  in  Medieval  Collie 
at  Castleton,  Vt.  In  1820-21 ,  engaged  on  geological  and  agricultural  survey  of  Albany 
and  Rensselaer  counties,  N.  Y.  In  1823-24,  on  survey  of  district  adjoining  the  Erie 
Canal.  In  1824,  made  senior  professor  of  school  of  sciences,  Rensselaer  Polytechnic 
Institute,  where  he  remained  till  his  death. 

Biogr.  Pop.  Scl.  Monthly,  XXXVIII,  November,  1890,  pp.  lia-118. 
Emmons,  Ebknezer.     Geologist. 

Bom  in  Middlefield,  Mass.,  May  16, 1799;  died  in  Brunswick  County,  N.  C,  Octo- 
ber 1,  1863.  Graduated  at  Williams  College,  Massachusettfi,  in  1820,  and  for  fifteen 
years  practiced  medicine  and  surgery  in  Berkshire.  In  1838-1 852,  professor  of  chemis- 
try at  the  Albany  Medical  School.  In  1828,  lecturer  on  chemistry  in  Williams  Col- 
lege. In  1833,  appointed  professor  of  natural  history  to  succeed  C.  Dewey.  In  1836, 
appointed  geologist  of  Second  District  New  York  State  geological  survey;  from  1851 
to  1863  State  geologist  of  North  Carolina.  Is  best  remembered  as  the  originator  and 
defender  of  the  Taconic  system  in  North  America. 

Blogr.  Jules  Marcou.    Amer.  Geol.,  Jan.,  1891,  pp.  1-23. 

Am.  Jour.  Sci.,  XXXVII,  May,  1864,  p.  151. 

Pop.  Scl.  Monthly,  Jan.,  1896. 

Emmons,  Samuel  Franklin.     Geologist. 

Born  in  Boston,  Mass.,  March  29, 1841.    Graduated  from  Harvard  in  1861.     Studied 
in  Paris  and  at  Freiberg  Mining  School,  Saxony,   1862-1865.     Geologist  Fourtieth 
Parallel  Survey,  1867-1877.    On  U.  S.  Geological  Survey,  1879  to  date. 
Endlich,  Frederic  Miller.     Mining  engineer. 

Bom  in  Reading,  Pa.,  Jun€wl4, 1851 ;  died  in  Tucson,  Ariz.,  July  17,  1899.     In  1872- 
1880,  mineralogist  and  chemist  at  Smithsonian  Institution.    In  1873-1879,  assistant  on 
U.  S.  Geological  and  Geographical  Surveys  under  F.  V.  Hayden.     From  1880  to  time 
of  his  death  engaged  as  mining  engineer  in  various  parts  of  the  West. 
Engelmann,  George.     Naturalist. 

Bom  in  Frankfort-on-Main,  Germany,  February  2,  1809;  died  in  St.  Louis,  Mo., 
February  4,  1884.  Graduated  at  Wurzburg  University  in  1831.  Came  to  America  in 
1832  and  prepared  specimens  of  plants  for  German  museums.  In  1835,  began  the 
practice  of  medicine  in  St.  Louis.  His  records  of  meteorological  observations  in  the 
Mississippi  Valley  are  a  most  valuable  source  of  information  on  climatology  during 
fifty  vears.  Voluminous  writer  on  botany  and  other  branches  of  natural  history. 
First  president  of  Academy  of  Science  of  St.  Louis. 

Blogr.  Enno  Sander.    Trans.  Acad,  of  Scl.  St.  Louis,  IV,  1878-86,  prelim,  pages  1-lS. 
C.  A.  White.    Biogr.  Mems.  Natl.  Acad.  Sci.,  IV.,  1902,  pp.  1-21. 

Evans,  John.     Physician  and  geologist. 

Born  in  Portsmouth,  N.  IL,  February  14,  1812;  died  in  Washington,  D.  C,  April 
13, 1861.    In  1847,  was  assistant  to  D.  D.  Owen  in  the  Chippewa  district.     In  1851^ 
appointed  to  institute  geological  researches  in  Oregon  and  Washington.     Went  to 
Central  America  with  Chiriqui  Exploring  Expedition,  1860. 
Blogr.  Am.  Jour.  Sci.,  XXXII,  Nov.,  1861,  p.  311. 

Featherstoniiaugh,  George  William. 

Born  in  Limdon,  1780;  died  in  Havre,  France,  September  28,  1866.  Came  to 
United  States  and  in  1834,  made  examination  of  the  region  between  the  Missouri  and 
Red  Rivers.  In  18.'i5,  made  geological  reconnaissance  from  Washington  to  St.  Peters 
River.  Appointed  by  Great  Britain  one  of  commission  of  two  to  settle  l)oundary 
dispute  between  Ignited  States  and  Canada.  British  Consul  at  Havre,  assisting  in 
es<»ape  of  Ix)uis  Philli[>e  in  1848. 

J.  I).  Featherstonhaugh.    Am.  Geol.,  April,  1889.  ^^ 
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Foster,  John  Wells. 

Born  in  Petersham,  Mass.,  March  4,  1815;  died  in  Hyde  Park,  Chicago,  111.,  June 
20, 18X3.  Received  collegiate  education  at  Wesleyan  University,  Middletown,  Conn. , 
after  which  he  studied  law  and  settled  at  Zanesville,  Ohio.  Was  assistant  to  Jackson, 
and  subsequently  worked  with  Whitney  on  survey  of  copper  lands  of  Lake  Superior. 
Wrote  work  on  Prehistoric  Races  of  the  United  States  and  on  The  Mississippi  Valley, 
Its  Physical  Geography,  etc.,  in  1869. 

Biogr.  Pop.  8ci.  Monthly,  III,  August,  1878,  p.  50«. 
Frazer,  Persifor.     Geologist  and  chemist. 

Bom  in  Philadelphia,  Pa.,  July  24,  1844.  Graduated  from  University  of  Pennsyl- 
vania, 1862;  studied  in  Royal  School  of  Mines,  Freiberg,  Saxony,  1866-1869.  Miner- 
alogist and  metallurgist  on  U.  S.  Survey  under  Hay  den,  1869-70.  Professor  of 
chemistry,  University  of  Pennsylvania,  1870-1874;  assistant  on  second  geological 
survey  of  Pennsylvania,  1874-1882. 
Gabb,  William  More.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  January  20,  1839;  died  there.  May  30,  1878.  In  1862, 
paleontologist  on  geological  survey  of  Califomia  under  Whitney.  In  1868,  under- 
took survey  in  Santo  Domingo  for  private  company,  and  in  1873,  published  a  memoir 
of  topography  and  geology  of  that  island.  In  1873,  went  to  Costa  Rica  and  engaged 
in  a  geological  and  topographical  survey. 

Biogr.  Amer.  Jour.  Sci.,  XVI,  1878,  p.  16L 
Genth,  Frederick  Augustus.     Mineralogist  and  chemist. 

Bom  in  Waechtersbach,  in  Hesse,  May  17,  1820;  died  in  Philadelphia,  Pa.,  Feb- 
ruary 2,  1893.  Took  degree  of  Ph.  D.  at  University  of  Marburg  in  1845;  chemical 
assistant  to  Bunsen  for  three  years.  In  1848,  came  to  America  and  settled  in  Phila- 
delphia. In  1872-1888,  professor  of  chemistry  in  University  of  Pennsylvania.  Best 
known  by  his  studies  of  corundum,  copper  products,  and  ammonia-cobalt  bases. 
Biogr.  Geo.  F.  Barker.    Natl.  Acad.  Scl.,  Biogr.  Mems.,  IV,  1902,  pp.  203-231. 

Gksner,  Abraham.     Physician,  geologist,  and  chemist 

Born  ill  Comwallis,  Nova  Scotia,  May  2,  1797;  died  in  Halifax,  Nova  Scotia,  April 
19,  1864.  In  1838,  appointed  provincial  geologist  of  New  Brunswick.  Aside  from  his 
geological  work,  he  achieved  distinction  as  inventor  of  method  for  manufacture  of 
illuminating  oil  from  coal  and  other  bituminous  substances. 

Biogr.  G.  W.  Gesner.    Bull.  XIV,  Natl.  Hi«t.  Soc.  of  New  Bruiwwick,  1896. 

(iIBBS,  (lEORGE. 

Bom  in  Newport,  R.  I.,  January  7,  1776;  died  in  Sunswick,  near  Halletts  Cove 
(now  New  York  City),  L.  I.,  August  6, 1833.     First  vice-president  of  American  Geo- 
logical Society,  founded  in  1819;  owner  of  one  of  the  finest  mineralogical  cabinets  of 
the  time. 
(tiibbs,  George.     Lawyer  and  geologist.     Son  of  Col.  George  Gibbs. 

Born  in^Sunswick,  near  Halletts  Cove  (now  New  York  City),  L.  I.,  July  17, 1815; 
died  in  New  Haven,  Conn.,  April  9, 1873.  Graduated  from  Harvard  University  and 
entered  upon  the  practice  of  law.  In  1848,  accompanied  military  expedition  to  the 
far  West,  and  settled  at  Columbia,  Greg.  Geologist  to  survey  of  railroad  route  to 
Pacific;  in  1857,  appointed  on  northwest  boundary  survey,  submitting  report  on 
geology  and  natural  history  of  the  country.  Secretary  of  Hudson  Bay  Claims 
Commission;  for  some  time  before  his  death  connected  with  Smithsonian  Institution 
up<m  ethnological  and  philological  work. 

Biogr.  J.  A.  Stevens.    Ann.  Kept.  Smith.  Inst,  for  1873,  pp.  219-225. 
Gibson,  John  Bannister.     Jurist. 

Born  in  Carlisle,  Pa.,  Novembers,  1780;  died  in  Philadelphia,  Pa.,  May  3,  1853. 
Graduated  from  Dickinson  College  in  1798  and  admitte<l  to  the  l>ar  in  1803.  Wrote 
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Ctilbert,  Grove  Karl,     (reologist. 

Born  in  Rochenter,  N.  Y.,  May  6, 1843.     Graduated  from  University  of  Rochester, 
1862.     Assistant  in  Ward  Museum,  Rochester,  1863-1868;  geologist  on  Ohio  survey, 
1868-1870;  on  Wheeler  survey,  1871-1874;  Powell  survey,  1875-1879;  geologist  on 
U.  S.  Geological  Survey  since  1879. 
Green,  Jacob.     Conchologist  and  paleontologist. 

Born  in  Phila<lelphia,  Pa.,  July  26, 1790;  died  there  February  1, 1841.  Graduated 
from  University  of  Pennsylvania  in  1806;  professor  of  chemistry  antl  natural  history 
in  Princeton,  1818-1822;  professor  of  chemistry  in  Jefferson  Medical  College,  Phila- 
delphia, until  his  death.     Wrote  on  chemistry,  paleontology,  and  botany. 

Blogr.  Win.  H.  Dall.    Some  Amer.  Conchologtets,  Proc.  Blolog.  8oc.  Washn.,  IV.,  1886-88,  p.  104. 
Grinnell,  George  Bird. 

Born  in  Brooklyn,  N.  Y.,  September  20,  1849.     Graduated  from  Yale  in  1870. 
Assistant  in  osteology  in  Peabody  Museum,  Yale,  1874-1880. 
Hager,  Albert  David.     Geologist. 

Born  in  Chester,  Vt,  November  1,  1817;  died  in  Chicago,  111.,  July  29,  1888. 
In  1855-1857,  assistant  State  naturalist  of  Vermont.  In  1857-1861,  assistant  State 
geologist.  In  1862-1870,  State  geologist  and  curator  of  the  State  c-abinet  of  natural 
history.  In  1870-1872,  State  geologist  of  Missouri.  In  1877-1888,  librarian  Chicago 
Historical  Society. 
Hague,  Arnold.     Geologist. 

Bom  in  Boston,  Mass.,  December  3,  1840.  Graduated  from  Yale,  1863;  studied  at 
universities  of  Gottingen  and  Heidelberg  and  Freiberg  School  of  Mines,  1863-1867. 
Geologist  on  Fortieth  Parallel  Survey,  1867-1877.  Government  geologist  of  Guate- 
mala, 1877-78;  engaged  in  examining  mines  in  northern  China,  1878-79;  since  1879 
a  member  of  U.  S.  Geological  Survey. 
Hague,  James  Duncan.    Mining  engineer. 

Bom  in  Boston,  Mass.,  February  26,  1836.     Educated  at  Harvard  and  Gottingen, 
Germany,  and  Royal  School  of  Mines,  Freiberg,  Saxony.     Exploring  in  South  Seas, 
1859-1861 ;  manager  of  copper  mines  at  I^ke  Superior,  1863-1866;  geologist  on  U.  S. 
Geological  Survey  fortieth  parallel,  1867-1870. 
Haldeman,  Samuel  Stehman.     Naturalist. 

Born  in  Locust  Grove,  Pa.,  August  12,  1812;  died  in  Chickies,  Pa.,  September  10, 
1880.  Assistant  to  H.  D.  Rogers  in  geological  survey  of  New  Jersey  in  1836;  astron- 
omer on  survey  of  Pennsylvania,  1837-38.  In  1851-1855,  professor  of  natural  history 
in  University  of  Pennsylvania;  in  1855,  became  professor  of  natural  history  in  Dela- 
ware College,  Dover,  Del.;  in  1869-1880,  professor  of  comparative  philology  in 
University  of  Pennsylvania.  A  very  versatile  man  and  author  of  some  thirty  works 
on  philology  and  one  hundred  and  twenty  on  various  natural  science  subjects. 

BiogT.  J.  P.  Lesley.    Nat.  Acad.  Sci.,  Biog.  Meraa.,  11,  1886. 

Wm.  H.  Dall.    Some  Amer.  Conchologists,  Proc.  Biolog.  8oc.  Washn.,  IV.  1886-88,  pp.  112-113. 

Hall,  James.     Paleontologist. 

Bom  in  Hingham,  Ma^s.,  September  12,  1811;  died  in  Echo  Hill,  Bethlehem, 
N.  H.,  August  7,  1898.  Studie<l  under  Eaton  at  Rensselaer  Institute,  Troy,  where 
he  was  subsequently  assistant  professor.  Connected  with  geological  survey  of  New- 
York — first  as  assistant  to  Emmons;  took  charge  of  fourth  district;  after  1843,  had 
charge  of  entire  survey,  in  which  he  continued  until  his  death,  sometimes  carrying 
on  work  at  his  own  exi)ense.  Besides  the  New  York  re[)orts  he  contributed  to  Fos- 
ter and  Whitney's  Rep«)rt  on  the  Lake  Superior  Region,  the  Mexican  Boundary 
Re|)ort,  etc.  At  one  time  State  geologist  of  Iowa,  and  afterwards  of  Wisconsin.  In 
conjunction  with  R.  P.  Whitffeld  he  publishtnl  important  memoirs  on  paleontology 
of  Ohio,  Kentucky,  ami  the  Fortieth  Parallel. 


Biogr.  John  J.  Slevonsrm.    Bull,  (itnil.  StK».  of  Aniorioa.  X.  189H, 
Oeol.  Mag..  Dor.  IV.  V,  IMIW.  p.  431. 
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Hall,  James.    Clei^yman. 

Bom  in  Carlisle,  Pa.,  August  22,  1744;  died  in  Bethany,  N.  C,  July  25,  1826. 
Graduated  from  Princeton  Univereity  in  1774.    Maintained  at  his  home  in  North 
Carolina  an  ** academy  of  sciences,**  in  which  he  was  the  only  teacher. 
Hablan,  Richard.     Physician  and  paleontologist. 

Bom  in  Philadelphia,  Pa.,  September  19,  1796;  died  in  New  Orleans,  La.,  Sep- 
tember 30,  1843. 
Harpeb,  Lewis  (Ludwig  Hafner). 

Of  Hamburg,  Germany.    In  1855-1867,  professor  of  geology  and  agriculture  and 
State  geologist  of  Mississippi. 
Hartt,  Charles  Frederick.     Geologist. 

Bom  in  Fredericton,  New  Bmnswick,  August  23, 1840;  died  in  Rio  Janeiro,  Brazil, 
March  18,  1878.  In  1864,  connected  with  geological  survey  of  New  Brunswick.  In 
1865-1866,  geologist  on  the  Thayer  Expedition  to  Brazil.  In  1868,  appointed  professor 
of  natural  history  in  Vassar  College,  but  resigned  shortly  to  accept  chair  of  geology 
in  Cornell  University,  which  he  held  until  time  of  his  death.  In  1875,  appointed 
chief  of  the  geological  commission  of  Brazil. 

Biogr.  G.  F.  Matthew.    Bull.  Nat  Hist.  Soc.  of  N.  B.,  IX,  1890.  pp.  1-24. 
Hawn,  Frederick.    Civil  engineer. 

Bora  in  Herkimer  County,  N.  Y.,  January  5,  1810;  died  in  Leavenworth,  Kans., 
January  31, 1898.  About  1851  appointed  by  Swallow  assistant  on  Missouri  geological 
survey,  and  gave  particular  attention  to  study  of  the  coal  regions.  Is  best  known  in 
connection  with  the  discovery  of  the  Permian  formation  in  Kansas. 

Blogr.  G.  C.  Broadhead.    Am.  Geol.,  XXI,  1898,  pp.  267-69. 
Hay,  Robert.    Geologist. 

Bora  of  Scottish  ancestors.  May,  1836,  in  Lancashire,  England;  died  in  Junction 
City,  Kans.,  December  14, 1895.  Came  to  America  in  1871,  and  for  ten  years  taught 
in  the  public  schools.  In  1881  appointed  State  geologist  of  Kansas.  In  1890  geolo- 
gist in  charge  of  the  artesian  investigation  of  the  Great  Plains  under  Department  of 
Agriculture.  During  last  five  years  of  his  life  connected  with  U.  S.  Geological  Survey 
in  special  work  on  undei^ground  waters  of  Kansas.  His  papers  were  about  thirty, 
principally  upon  geology. 

Blogr.  Robt.  T.  Hill.    Bull.  Geol.  8oe.  Amer.,  VIII,  1896,  pp.  370-74. 

Hayden,  Ferdinand  Vandiveer.    Geologist. 

Bora  in  Westfield,  Mass.,  September  7,  1829;  died  in  Philadelphia,  Pa.,  December 
22, 1887.  Graduated  from  Oberlin  College  in  1850.  Assistant  to  James  Hall  in  1853; 
engaged  in  independent  geological  work  in  the  West,  1854-1856.  Geologist  to  the 
Warren  Expedition  to  the  Yellowstone  region  in  1856  and  to  the  Black  Hills  in  1857. 
In  1858,  with  Meek,  engaged  in  explorations  in  Kansas.  In  1859,  appointed  surgeon 
and  naturalist  to  exploring  party  under  Capt.  W.  F.  Raynolds  about  the  headwaters 
of  the  Missouri.  In  1865-1872,  professor  of  geology  and  mineralogy  in  University 
of  Pennsylvania.  In  1869,  appointed  United  States  geologist  in  charge  of  survey  of 
Nebraska,  and  in  1868  to  similar  position  in  Wyoming.  In  1869-1879,  Director  U.  S. 
Geological  and  Geographical  Surveys,  and  from  1880-1886,  geologist  on  United  States 
geological  surveys  under  J.  W.  Powell. 

Biogr.  C.  A.  White.    Mem.  Nat.  Acad.  Scl.,  November,  1894. 

Hayden,  Horace  H. 

Bom  in  Windsor,  Conn.,  October  13,  1768;  died  in  Baltimore,  Md.,  January  26, 
1844.  Trained  for  profession  of  architect,  and  subsequently  became  practicing  den- 
tist. His  chief  claims  to  geological  recognition  lies  in  his  authorship  of  geological 
essays  published  in  1820  and  two  papers  on  local  geology. 


Biogr.  Amer.  Journal  Dental  SoienoeK,  IV.  No.  4.  1844. 
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HiLDRBTH,  Samuel  Prescott.     Physician. 
Born  in  Methuen,  Mass.,  September  30,  1783;  died  in  Marietta,  OTiio,    July  24, 

1863.  Settled  in  Ohio  at  Belpre  in  1806,  and  in  1808  removed  to  Marietta,  where  he 
began  the  first  meteorological  register  in  the  State,  keeping  it  up  for  fifty  year?. 
One  of  a  commission  of  three  in  1836  to  report  on  geological  survey  of  C^to.  Served 
as  assistant  geologist  for  a  time  under  Mather.  His  work  is  largely  of  ^lii  historical 
nature. 

BiQgrr,  Chaa.  Whittlesey,  Mag.  of  Western  History,  1881. 
Amer.  Journ.  Sci.,  XXXVI,  1863.  p.  312. 

HiLGARD,  Eugene  Waldemar.     Chemist  and  geologist. 

Born  in  Zweibrucken,  Rhenish  Bavaria,  January  5,  1833.  Came  to  America  in 
1835.  Educated  in  Germany,  returning  to  America  in  1855.  In  1855-1856,  assistant 
to  B.  L.  C.  Wailes  on  State  geological  survey  of  Mississippi.  In  1856-1857,  chemist 
of  the  Smithsonian  Institution  and  lecturer  on  chemistry  in  National  Medica,!  Col- 
lege. In  1858-1860,  State  geologist  of  Mississippi.  In  1865-1873,  professor  of  chem- 
istry at  University  of  Mississippi.  In  1873-1875,  professor  of  geology  and  natural 
history.  University  of  Michigan.  Since  1875,  professor  of  agricultural  chemistry  in 
University  of  California. 

Blogr.  Nat.  Cyclo.  Amer.  Biog.,  X,  p.  308. 
Hind,  Henry  Youle.    Chemist  and  geologist 

Born  in  Nottingham,  England,  June,  1823.  Educated  at  Leipzig  and  Cambridge. 
Came  to  America  in  1846  and  the  following  year  settled  in  Canada.  In  1851,  became 
professor  of  chemistry  and  geology  in  Trinity  College,  Toronto.  In  1857,  geologist  to 
Red  River  Exploring  Expedition.  In  1858,  in  charge  of  exploration  of  country 
between  Red  River  and  Saskatchewan.  In  1861,  made  explorations  in  Labrador, 
and  in  1864,  appointed  director  of  geological  survey  of  New  Brunswick.  Professor 
of  chemistry  and  natural  history  in  Kings  College,  Nova  Scotia. 
Hitchcock,  Charles  Henry.    Geologist. 

Bom  in  Amherst,  Mass.,  August  23, 1836.  Graduated  from  Amherst  College,  1856. 
Assistant  State  geologist  of  Vermont,  1857-1861;  State  geologist  of  Maine,  1861-1862; 
State  geologist  of  New  Hampshire,  1868-1878.  In  1866,  elected  professor  of  geology  in 
Lafayette  College.    Since  1868,  professor  of  geology  in  Dartmouth  College. 

Hitchcock,  Edward.    Geologist,  clei^yman,  and  educator. 
Born  in  Deerfield,  Mass.,  May  23,  1793;  died  in  Amherst,  Mass.,  February  27, 

1864.  Educates!  as  a  clergyman  and  settled  over  a  Congregational  Church  at  Con- 
way, Mass. ,  from  1821-1825.  In  1825-1845,  professor  of  chemistry  and  natural  history 
at  Amherst  College;  in  1845-1855,  president  of  Amherst  College;  in  1855-1864,  pro- 
fessor of  geology  in  Amherst  College.  In  1830-1833  and  1841-1844,  State  geologist  of 
Massachusetts;  in  1857-1860,  State  geologist  of  Vermont.  Is  best  remembered  for  his 
work  on  the  drift  and  the  fossil  footprints  of  the  sandstones  of  the  Connecticut  Valley. 

Biogr.  C.  H.  Hitchcock.    Am.  Geol.  XVI,  1895,  pp.  133-149. 
Pop.  Sci.  Monthly,  XLVII,  Sept.,  1895,  pp.  689-696. 
Am.  Jour.  Sci.,  XXXVII,  May,  1864.  p.  302. 
Biogr.  Mems.,  Natl.  Acad.  Sci.,  I,  J877. 

HoDGK,  James  Thatcher.     Geologist. 

Born  in  Plymouth,  Mass.,  March  12,  1816;  drowned  in  Lake  Huron,  October  20, 
1871.  Assistant  on  State  geological  survey  of  Maine  under  C.  T.  Jackson  and  on  that 
of  Pennsylvania  under  H.  D.  Rogers.  Also  served  on  geological  surveys  of  New 
Hampshire  and  Ohio.  Was  engaged  in  exploration  of  mining  re^ons  of  Lake 
Superior  when  drowned  in  wreck  of  steamer  R.  G.  Cobum,  on  Lake  Huron. 
Holmes,  William  Henry.     Ethnologist. 

Bom  in  Harrison  County,  Ohio,  Dec^-ember  1,  1846.  (iraduated  from  McNeely 
Normal  College,  1870.     Assistant  on  United  States  geological  survey  under  Hayden, 
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1872-1880;  geologist  on  United  States  survey  under  Powell,  1880-1889.  Curator, 
U.  S.  National  Museum,  1882-1893;  archaeologist  in  explorations  of  U.  S.  Bureau 
Ethnology,  1889-1893;  curator  anthropology,  Field  Columbian  Museum,  1894-1898; 
head  curator  .of  anthropology,  U.  S.  National  Museum,  1898-1904;  Director,  Bureau 
of  American  Ethnology,  since  1905. 
HoutiHTON,  Daws  LASS.     Explorer  and  geologist. 

Bom  at  Fredkonia,  N.Y.,  September  21,  1809;  drowned  near  mouth  of  Eagle  River, 
Lake  Supeiifm^  October  13,  1845.  Assistant  to  Eaton  in  natural  sciences  at  the 
Rensselaer  Polytechnic  Institute,  1828.  Admitted  to  practice  of  medicine  in  1831. 
Surgeon  and  botanist  to  the  Schoolcraft  Exploring  Expedition  to  the  source  of  the 
Mississippi  River;  State  geologist  of  Michigan,  1837-1845. 

Biogr.  Alvah  Bradish.    Mem.  of  Douglas  Houghton,  Detroit,  1889. 

Alex.  Wiuchell.    Am.  Geol.,  IV,  Sept,  1889,  pp.  129-139. 

Am.  Jour.  Sci.,  V,  1848,  pp.  217-227. 

Howell,  Edwin  Eugbne. 

Bom  in  Genesee  County,  N.  Y.,  March  12,  1845.     In  1872-1873,  geologist  with 
Wheeler  survey  west  of  one-hundredth  meridian.     In  1874,  connected  with  the 
Powell  survey  of  Rocky  Mountain  region. 
Hubbard,  Bbla. 

Bom  in  Hamilton,  Madison  County,  N.  Y.,  April  23,  1814;  died  in  Detroit,  Mich., 
June  13,  1896.  Graduated  from  Hamilton  College  in  1834.  Removed  to  Detroit, 
Mich.,  in  1835.     Assistant  State  geologist  of  Michigan,  1838-1841. 

Biogr.  Mag.  of  Western  History,  IV,  1886. 
Hubbard,  Oliver  Payson.     Chemist. 

Bora  in  Pomfret,  Conn.,  March  31,  1809;  died  in  New  York  City,  March  9,  1900. 
Assistant  to  B.  Silliman  in  chemistry  at  Yale,  1831-1836.  In  1836-1866,  professor  of 
chemistry,  mineralogy,  and  geology  in  Darmouth  College,  Hanover,  N.  H.  Lecturer 
on  chemistry  and  pharmacy  at  same  institution,  1866-1883. 

Biogr.  E.  O.  Hovey.    Am.  Geol.,  June,  1900,  p.  860. 
Hunt,  Thomas  Sterry.    Chemist. 

Bom  in  Norwich,  Conn.,  September  5, 1826;  died  in  New  York  City,  February  12, 
1892.  In  1846-47,  chemist  to  the  geological  survey  of  Vermont  under  C.  B.  Adams. 
In  1847-1872,  chemist  and  mineralogist  to  the  geological  survey  of  Canada.  In  1856- 
1862,  lecturer  on  chemical  geology  in  Laval  University  of  Quebec;  subsequently  pro- 
fessor of  chemistry  and  mineralogy  in  McGill  University,  Montreal.  In  1872-1878, 
professor  of  geology  in  Massachusetts  Institute  of  Technology. 

Biogr.  Per«ifor  Frazer.    Am.  Geol.,  XI,  1893,  pp.  1-18. 
Canadian  Record  of  Science,  V,  1892-93.  pp.  146-149. 

Hyatt,  Alphkus.     Biologist  and  paleontologist. 

Bom  in  Washington  City,  April  5,  1838;  died  in  Cambridge,  Mass.,  January  15, 
1902.     In  1867,  curator  in  Essex  Institute,  Salem,  Mass.     In  1871,  elected  custodian 
of  the  Boston  Society  of  Natural  History,  and  in  1881,  curator;  professor  zoology  and 
paleontology  in  the  Massachusetts  Institute  of  Technology. 
BioRT.  R.  y.  Tarr.    Pop.  Scl.  Monthly,  Dec.,  1885,  pp.  261-267. 
W.  O.  Crosby.    Bull.  Geol,  Soc.  Amcr.,  XVI,  1908. 

Irving,  Roland  Duer,     Geologist. 

Born  in  New  York,  April  29,  1847;  died  in  Madison,  Wis.,  May  30,  1888.  Began 
active  life  as  superintendent  of  smelting  works  at  Greenville,  N.  J.  Assistant  on 
State  geological  survey  of  Ohio.  In  187CV-1888,  professor  of  geology,  mineralogy,  and 
metallurgy  in  University  of  Wisconsin.  In  1873-1879,  assistant  geologist  on  geologi- 
cal survey  of  Wist^onsin.  In  1880-1888,  connected  with  U.  S.  Geological  Survey, 
working  in  Lake  Superior  region. 

Biogr.  T.  C.  Chamberlln.    Am.  Geol.,  Ill,  1889,  pp.  1-6.  Digitized  by  GoOQIc 
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Jackson,  Charleh  Thomas.     Geologist  and  chemist. 

Bom  in  Plymouth,  Mass.,  June  21,  1805;  died  in  Somerville,  Mass.,  August  28, 
1880.  Educated  as  physician,  but  early  showed  inclination  toward  geological  work. 
In  1827-28,  made  geological  explorations  in  Nova  Scotia  in  company  with  Francis 
Alger.  In  1837-1839,  State  geologist  of  Maine.  In  1839-40,  State  geologist  of  Rhode 
Island.  In  183^1843,  State  geologist  of  New  Hampshire.  In  1847,  appointed  a  United 
States  geologist  to  investigate  mineral  land  of  Lake  Superior  region.  Appointed  one 
of  the  State  geologists  of  New  York,  but  declined. 

Blogr.  J.  B.  Woodworth.    Am.  Geol.,  XX,  1897,  pp.  69-110. 

James,  Edwin.     Physician. 

Born  in  Weybridge,  Vt.,  August  27,  1797;  died  near  Burlington,  111.,  October  28, 
1861.     In  1820,  attached  in  capacity  of  botanist  and  geologist  to  Long's  exploring 
expedition  to  sources  of  St.  Peters  River. 
Biogr.  Am.  Jour.  .Sci..  XXXIII,  1862,  p.  428. 

James,  Uriah  Pierson.     Paleontologist. 

Bom  in  Goshen,  Orange  County,  N.  Y.,  December  30,  1811;  died  near  Loveland, 
Ohio,  February  25,  1889.     Began  life  as  printer. and  stereotyper  and  afterwards 
became  publisher,  in  which  profession  he  continued  till  the  time  of  his  death.     His 
work,  almost  wholly  paleontological,  was  done  during  spare  moments. 
Biogr.  American  Geologist,  III,  No.  5,  1889,  pp.  281-285. 

Johnson,  Walter  Rogers.     Chemist. 

Bom  in  Leominster,  Mass.,  June  21, 1794;  died  in  Washington  City,  April  26,  1852. 
Prior  to  1836  a  teacher.  In  1836-37,  made  a  survey  of  coal  and  iron  formations  of 
Pennsylvania.  In  1839-1843,  professor  of  physics  and  chemistry,  University  of  Penn- 
sylvania. In  1843-44,  Government  expert  on  relative  value  of  coals.  In  1845,  chemist 
at  Smithsonian  Institution.  Founder  of  American  Association  of  Naturalists  and 
Greologists. 

Biogr.  Lamb's  Biogr.  Diet,  of  U.  S. 

Keating,  William  Hypolitus.     Chemist. 

Born  in  Wilmington,  Del.,  August  11,  1799;  died  in  London,  England,  May  17, 
1840.     In  1822-1828,  professor  of  chemistry  in  University  of  Pennsylvania,  and  in 
1823,  accompanied  Maj.  S.  H.  Long  in  expedition  to  sources  of  the  St.  Peters  River. 
Biogr.  Lamb's  Biogr.  Diet,  of  U.  S. 

Kerr,  Washington  C.vruthers.     Geologist. 

Born  in  the  Alamance  region  of  Guilford  County,  N.  C,  May  24,  1827;  died  in 
Aaheville,  N.  C,  August  9,  1885.  At  one  time  professor  in  Marshall  University, 
Texas,  resigning  in  1852  to  l>ecome  a  computer  in  the  office  of  the  Nautical  Almanac 
In  1857-1865,  professor  in  Davidson  College,  North  Carolina.  In  1866-1882,  State 
geologist  of  North  Carolina.  In  1382-83,  connected  with  the  U.  S.  Geological  Survey. 
Biogr.  J.  A.  Holmes,  Journ.  Elisha  Mitchell  Scientific  Soc.,  Part  II,  1887,  pp.  1-24. 

King,  Clarence.     Geologist. 

Bom  in  Newport,  R.  I.,  January  6,  1842;  died  in  Phoenix,  Ariz.,  December  24, 
1901.  Graduated  at  Sheffield  Scientific  School  in  1862.  In  1863,  made  a  horseback 
journey  across  the  continent,  and  for  three  years  was  volunteer  assistant  to  Prof. 
J.  D.  Whitney  on  the  geological  survey  of  California.  During  1865-66,  made  an 
exploration  of  the  desert  regions  of  southern  California  and  Arizona  as  scientific  aid 
to  General  McDowell.  In  1866-67,  organized  the  Geological  Survey  of  the  40th  Par- 
allel and  was  appointed  director.  From  1879  until  1881,  director  of  the  newly  origan- 
ized  U.  S.  (ieological  Survey. 

Biogr.  S.  F.  Emmons,  Am.  Jour.  Sci.,  March.  1902,  pp.  224-237. 

8.  F.  Emmons,  Eng.  and  Min.  Jour.,  Dec.  28, 1901,  p.  844;  Jan.  4, 1902,  pp.  1.  3. 
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King,  Franklin  Hiram. 

Born  in  Whitewater,  Wis.,  June  8,  1848.  Graduated  from  State  Normal  School, 
Whitewater,  in  1872.  On  Wisconsin  geological  surv^ey,  1873-1876;  professor  of  nat- 
ural sciences,  River  Falls  State  Normal  Sch(X)l,  1878-1888;  since  1888,  professor  of 
agricultural  physics  at  University  of  Wisconsin. 

KiTCHELL,  W^ILLIAM.       Geologist. 

Bom  in  i^ast  Madison,  N.  J.,  April  21, 1827;  died,  December  29, 18(51.    Studied  medi- 
cine, hut  did  not  engage  in  its  practice.    Taught  natural  sciences  in  Newark  Institute, 
and,  about  1850,  went  to  Europe  and  studied  in  the  Mining  School  at  Freiberg, 
Germany.     In  1854-1856,  State  geologist  of  New  Jersey. 
Lapham,  Increase  Allen.     Naturalist. 

Bom  in  Palmyra,  N.  Y.,  March  7,  1811;  died  near  Oconomowoc,  Wis.,  September, 
1876.  An  all-round  scientist  and  educator;  author  of  many  papers  on  botany,  clima- 
tology, archaeology,  cartography,  and  geology.  Chief  geologist  of  Wisconsin,  1873- 
1875. 

Biogr.  N.  H.  Winchell,  American  Geologist,  XIII,  1894,  pp.  1-38. 
Lea,  Isaac.    Conchologist  and  mineralogist. 

Bom  in  Wilmington,  Del.,  March  4,  1792;  died  in  Philadelphia,  Pa.,  December 
8,  1886.  Trained  to  mercantile  life  in  Philadelphia,  retiring  from  business  in  1851. 
Was  an  authority  on  the  Unionidse,  of  which  he  made  a  very  laige  collection,  subse- 
quently willed,  together  with  his  large  and  valuable  collection  of  minerals  and  gems, 
to  the  Smithsonian  Institution,  in  W^ashington. 

Blogr.  Pop.  Science  Monthly,  July,  1884,  pp.  404-411. 

Wm.  H.  Dall,  Some  American  Conchologists.    Proc.  Biol.  Soc.  Washington,  IV,  1886-88,  pp.  118-120. 

Le  Conte,  John  Lawrence.     Naturalist. 

Born  in  New  York,  May  3,  1825;  died  in  Philadelphia,  Pa.,  November  15,  1883. 
His  work  was  mainly  in  entomology. 
Le  Conte,  Joseph.     Physi<!ian  and  naturalist. 

Born  on  Woodmanston  plantation.  Liberty  County,  Ga.,  February  26,  1823;  died 
in  Yosemite,  Cal.,  July  6, 1901.  Of  Huguenot  and  Puritan  ancestry.  In  1845,  gradu- 
ated from  College  of  Physicians  and  Surgeons  in  New  York  and  became  practicing 
physician  in  Georgia.  In  1850,  studied  at  Cambridge  under  Agassiz;  in  1852,  profes- 
sor of  science  at  Oglethorpe  University,  Midway,  Ga.;  in  1853-1856,  professor  of 
natural  history  at  University  of  Georgia,  Athens,  Ga.;  in  1857-1868,  professor  of 
chemistry  and  geology  at  South  Carolina  College,  Columbia;  in  1869,  called  to  Uni- 
versity of  California  to  fill  chair  of  botany,  zoology,  and  geology,  remaining  there 
until  his  death.     A  voluminous  writer  on  geology  and  kindred  subjects. 

BioRT.  S.  B.  Christy,  Trans.  Amer.  Inst.  Min.  Engs.,  XXXI,  1902,  pp.  765-708. 
Leidv,  Joseph.     Vertebrate  paleontologist. 

Bom  in  Philadelphia,  Pa.,  September  9,  1823;  died  in  Philadelphia,  Pa.,  August 
30,  1891.  Educated  as  a  physician,  and  in  1844,  assistant  in  chemical  laboratory  of 
Doctors  Hare  and  J.  B.  Rogers.  In  1846,  demonstrator  of  anatomy  in  the  Franklin 
Medical  College.  In  1852,  substituted  for  Doctor  Horner  as  professor  of  anatomy  in 
the  University  of  Pennsylvania,  and  in  1853,  on  the  death  of  Doctor  Horner,  elected 
to  full  professorship.  In  1871,  appointed  professor  of  natural  history  in  Swarthmore 
College.  Was  one  of  the  first  Americans  to  take  up  the  study  of  vertebrate  fossils, 
and  was  prominently  identified  with  the  early  Hayden  and  other  western  geological 
and  geographical  surveys. 

Biogr.  E.  J.  Nolan,  Pop.  Sol.  Monthly,  XVn,  Sept.  1880,  pp.  684-91. 
Lesley,  J.  Peter.     Topographer  and  geologist. 

Bom  in  Philadelphia,  Septeml)er  17,  1819,  of  Scotch  extraction;  died  in  Milton, 
Mass.,  June  1,  1903.  In  1839-1841,  assistant  on  the  State  survey  of  Pennsylvania 
under  H.  D.  Rogers,  mainly  in  the  capacity  of  topographer.    In  1847,  became  pastm-p 
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of  a  Ongregational  Church  in  Milton,  Mass.  This  he  soon  resigned,  and  thereafter 
devoted  himself  to  science.  Was  United  States  commissioner  at  the  Paris  Exposition 
in  1867.  In  1872,  professor  of  geology  and  dean  of  faculty  in  scientific  department  of 
the  University  of  Pennsylvania.  In  1874,  chief  geologist  of  the  second  geological 
survey  of  Pennsylvania. 

Biogr.  Pop.  Scl.  Monthly,  Sept.  1884,  pp.  693-5. 

Bull.  Geol.  See.  Amer.,  XV,  19(M,  p.  532. 

Persifor  Frazer  in  American  Geologist,  XXXII,  No.  3, 1908,  pp.  132-6. 

LiiSQifERBUx,  Leo.     Botanist  and  paleobotanist. 

Born  in  Fleurier,  Neuchatel,  Switzerland,  November  18,  1806;  died  in  Columbus, 
Ohio,  October  25,  1889.  Came  to  America  in  1848  and  worked  first  at  Boston  with 
Agassiz  and  subsequently  with  Sullivant  in  Columbus,  Ohio.  Servetl  as  paleobotanist 
on  geological  surveys  of  Pennsylvania,  Ohio,  Illinois,  Kentucky,  and  Arkansas;  also 
in  a  similar  capacity  on  the  U.  S.  Geological  Survey  under  F.  V.  Hayden. 

Biogr.  Edward  Orton,  American  Geologist,  V,  1890,  pp.  284-296. 

L.  R.  McCabe  in  Pop.  8ci.  Monthly,  XXX,  Apr.  1887,  pp.  835-40;  XXXVIII,  Dec.  1889,  p.  288. 

LiEBER,  Oscar  Montgomery,     ijeologist. 

Bom  in  Boston,  Mass.,  September  18, 1830;  died  in  Richmond,  Va.,  June  27, 1862. 
In  1850-61,  State  geologist  of  Mississippi;  in  1854-^,  State  geologist  of  Alabama; 
and  in  1856-1860,  State  geologist  of  South  Carolina. 

Bioff.  Lamb'9  Biog.  Diet,  of  U.  S. 
Little,  George.  Geologist. 

Bom  in  Tuscaloosa,  Ala.,  February  11,  1838.  Graduated  from  University  of  Ala- 
bama in  1856;  professor  natural  sciences,  Oakland  College,  Mississippi,  1860-61; 
State  geologist  of  Mississippi,  1866-1872;  professor  of  mineralogy  and  geology.  Uni- 
versity of  Mississippi,  1866-1874  and  1881-1889;  State  geologist  of  Georgia,  1874-1881; 
professor  of  geology  and  agriculture.  University  of  Georgia,  1878-1880. 
Litton,  Abram.     Chemist. 

Bom  in  Dublin,  Ireland,  May  20, 1814;  died  in  St.  Louis,  Mo.,  September  23, 1901. 
Came  to  America  about  1817.     For  two  seasons  connected  with  geological  survey 
under  D.  D.  Owen,  and  reported  on  lead  mines  of  southeast  Missouri  in  the  Second 
Annual  Report  of  the  State  Survey. 
Locke,  John. 

Bom  in  Lempster,  N.  H.,  Febmary  19, 1792;  died  in  Cincinnati,  Ohio,  July  10, 1856. 
By  profession  a  physician  and  teacher.  In  1835-36,  professor  of  chemistry  in  the 
Medical  College  of  Ohio.  In  1837-1839,  assistant  to  W.  W.  Mather  on  the  State  geo- 
logical survey  of  Ohio.  In  1839-1844,  assistant  to  D.  D.  Owen  in  the  survey  of  the 
mineral  lands  of  the  United  States.  In  1847-48,  aid  to  Jackson  in  surveys  of  the 
mineral  lands  of  Michigan.  More  widely  known  for  his  magnetic  and  astronomical 
researches  than  as  a  geologist. 

Biogr.  N.  H.  Winchell,  American  Geologist,  XIV,  1894,  pp.  341-66. 
Logan,  William  Edmond.     Geologist. 

Born  in  Montreal,  Canada,  April  20,  1798;  died  in  Castle  Malgwyn,  Llechryd, 
South  Wales,  June  22, 1875.  Educated  in  Scotland  and  passed  his  early  manhood  in 
England  and  Wales,  but  retumed  to  America  in  1840.  During  1842-1870,  director 
of  the  geological  survey  of  Canada. 

Biogr.  B.  J.  Harrington,  Life  of  Sir  Wm.  E.  Logan,  Montreal,  1883.    Also  Geol.  Soe,  London  and 
Canadian  Naturalist,  n.  ser.,  VIII,  No.  1, 1875, 

Macfarlane,  James.     lawyer. 

Bom  in  Gettysburg,  Pa.,  September  2,  1819;  died  in  Towanda,  Pa.,  October  12, 
1885.  Engineer  of  the  North  Branch  Canal;  a  leading  memlx?r  of  the  bar  at  Towanda; 
a  successful  coal  operator  and  railway  builder.  Author  of  The  Coal  Regions  of 
America  and  An  American  Geological  Railway  Guide. 

Biogr.  I.  C.  White.  American  Geologist,  VII,  1891,  pp.  14&-149.     Digitized  by  VjOOQ IC 
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Maclure,  William. 

Born  in  Ayr,  Scotland,  in  1763;  died  in  San  Angel,  Mexico,  March  23, 1840.  Came 
to  America  at  the  age  of  19  on  mercantile  business  but  returned  almost  immediately 
to  London,  where,  as  partner  in  the  house  of  Miller,  Hart  <fc  Co.,  he  remained  until 
1796,  accumulating  a  considerable  fortune.  In  the  last-named  year  he  again  came 
to  America  and,  it  is  said,  took  out  naturalization  papers.  He  was  a  liberal  patron 
of  science  and  for  twenty-two  years,  beginning  with  December,  1817,  was  president 
of  the  Philadelphia  Academy  of  Natural  Sciences,  to  which  institution  he  donated 
his  valuable  private  library  and  $25,000  in  money. 

Biogr.  S.  G.  Morton,  Mem.  of  Wm.  Maclure,  read  July  1, 1841,  and  published  by  direction  of 
Philadelphia  Academy  of  Sciences. 

Makcou,  Jules.    Geologist. 

Bom  in  Salins,  Jura,  France,  April 20, 1824;  died  in  Cambridge,  Mass.,  April  17, 1898. 
Came  to  America  in  1847  and  was  associated  for  a  time  with  Louis  Agassiz.  In  1853 
entered  United  States  service  and  was  one  of  the  geologists  of  the  Pacific  Railroad 
Survey  of  the  thirty-fifth  parallel,  and  the  author  of  a  geological  map  of  the  United 
States.  In  1853  returned  to  Europe  and  was  professor  of  geology  in  the  Polytechnic 
School  of  Zurich  until  1859.  In  1860-1864,  in  charge  of  division  of  paleontology  of 
the  Museum  of  Comparative  Anatomy,  Cambridge. 
Marcy,  Ouver.     Educator. 

Born  in  Coleraine,  Mass.,  February  13,  1820;  died  in  Evanston,  111.,  March  19, 
1899.  Instructor  in  mathematics  and  geology  at  Wilbraham,  Mass.,  for  sixteen  years 
prior  to  1862,  w^hen  he  was  elected  professor  of  natural  sciences  in  Northwestern 
University,  at  Evanston,  111. 

Biogr.  A.  R.  Crook,  American  Geologist,  XXIV,  1899,  pp.  67-72. 
Marsh,  Othniel  Charles.    Vertebrate  paleontologist. 

Bom  near  Lockport,  N.  Y.,  October  29,  1831;  died  in  New  Haven,  Conn.,  March 
18,  1899.  Professor  of  vertebrate  paleontology  in  Yale  College  from  1866  to  time  of 
death.  Vertebrate  paleontologist,  U.  S.  Geological  Sur\'ey,  1882-1899.  Honorary 
curator  vertebrate  paleontology,  U.  S.  National  Museum,  1894-1899.  Since  1870 
identified  with  explorations  in  the  West,  and  chiefly  instrumental  in  bringing  together 
the  large  and  valuable  collection  of  vertebrate  remains  now  in  the  National  Museum. 
Biogr.  C.  E.  Beecher,  Am.  Jour.  8ci.,  VII,  1899,  pp.  40S-28. 

Marvine,  Archibald  Robertson.     Geologist. 

Bom  in  Auburn,  N.  Y.,  September  26,  1848;  died  in  Washington  City,  March  2, 
1876.  In  1870,  assistant  geologist  to  the  Santo  Domingo  expedition.  In  1871, 
astronomer,  and  afterwards  geologist  to  the  Wheeler  surveys  west  of  the  one  hundredth 
meridian.  In  1872,  with  Professor  Pumpelly  in  the  Keweenaw  copper  district  of 
Lake  Superior,  and  from  1873  until  his  death,  connected  with  the  U.  S.  Geographical 
and  Greological  Surveys  under  F.  V.  Hayden. 

BlofiT.  Pop.  Sci.  Monthly,  IX,  1876.  p.  388. 

Biogr.  J.  W.  Powell,  Bull.  Philos.  8oc.  Washinjfton,  II.    1874-1878.    Appendix  X,  p.  (58), 

G.  K.  Gilbert,  Am.  Jour.  Sci.,  XI,  1876,  p.  424. 

Mather,  William  Williams.    Geologist. 

Bom  in  Brooklyn,  N.  Y.,  May  24,  1804;  died  in  CJolumbus,  Ohio,  February  26, 
1859.  Trained  at  West  Point  Military  Academy.  In  1829-1835,  assistant  professor  in 
chemistry,  mineralogy,  and  geology  at  that  academy.  In  1833,  professor  of  geology 
at  Wesleyan  University,  Middletown,  Conn.  In  1835,  assistant  to  G.  W.  Featherston- 
haugh.  For  a  short  period  professor  of  chemistry,  mineralogy,  and  geology  in  the 
University  of  Louisiana.  In  1836-1846,  in  charge  geological  survey  first  district.  State 
of  New  York.  In  1837-1839,  State  geologist  of  Ohio,  and  made  geological  reconnais- 
sance of  Kentucky  in  1838-39.  In  1842-1850,  connected  with  the  Ohio  University  at 
Athens,  Ohio,  in  capacity  of  professor  of  natural  sciences,  or  vice-president  and  act- 
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ing  president.     Acting  professor  of  geology  at  Marietta  College,  1846.     Agricultaral 
chemist  to  the  State  and  secretary  of  the  State  board  of  agriculture,  Ohio,  1850-1854. 

Blogr.  Lamb's  Diet,  of  the  U.  8. 
Meek,  Fielding  Bradford.     Paleontologist. 

Bom  in  Madison,  Ind.,  December  10,  1817;  died  in  Washington  City,  December 
21,  1876.  Assistant  to  D.  D.  Owen,  surveys  of  Iowa,  Wisconsin,  and  Minnesota, 
1848-49.  Assistant  to  James  Hall,  1852-1858.  Associated  with  F.  V.  Hayden  on 
the  Western  Surveys  beginning  with  1853.  In  1858,  removed  to  Washington,  where 
he  continued  to  reside  until  his  death. 

Biogr.  C.  A.  White,  Mem.  Nat.  Acad.  Sci.,  1896. 
Mitchell,  Elisha.     Naturalist. 

Bom  in  Washington,  Conn.,  August  19,  1793;  died  on  Black  Mountain,  N.  C, 
June  27,  1857.  Professor  of  mathematics,  University  of  North  Carolina,  1818  until 
his  death,  which  was  the  result  of  an  accident  while  exploring  what  is  now  known 
as  Mount  Mitchell  in  North  Carolina.  He  was  an  all-round  naturalist,  and  remem- 
bered for  his  works  on  the  geology  and  general  natural  history  of  the  State  and  the 
Mount  Mitchell  localities  in  particular. 

Biogr.  Journal,  Elisha  Mitchell,  Sci.  Soc,  1, 1884,  p.  6. 

Obit.  Amer.  Joum.  Sci.  XXIV,  1857,  p.  299. 

MiTCHiLL,  Samuel  Latham.     Naturalist. 

Born  in  North  Hempstead,  Long  Island,  August  20, 1764;  died  in  New  York  City,  Sep- 
tember 7, 1831.  F^ducated  as  a  physician.  In  1792-1801,  professor  of  natural  history, 
chemistry,  and  agriculture  in  Columbia  College.  In  1801-1818,  served  in  Congress. 
In  1808-1820,  professor  of  natural  sciences  in  College  of  Physicians  and  Surgeons,  and 
later  professor  of  materia  mediea  and  botany  in  the  same  institution.  An  extremely 
versatile  and  gifted  man,  and  one  of  the  founders  of  the  Society  for  the  Promotion  of 
Agriculture,  Manufacture,  and  the  Useful  Arts,  in  1793, 

Biogr.  H.  L.  Fairchlld,  History  New  York  Acad.  Sci.,  1887,  p.  57. 
Morton,  Samuel  George.     Conchologist  and  paleontologist. 

Born  in  Philadelphia,  Pa.,  January  26,  1799;  died  in  Philadelphia  May  15,  1851. 
Trained  for  mercantile  career.  Graduated  at  University  of  Pennsylvania  in  medicine 
in  1820,  and  afterwards  studied  in  Europe.  Practiced  medicine  in  Philadelphia.  His 
synopsis  of  organic  remains  in  the  Cretaceous  formation  of  the  United  States  gave 
him  scientific  reputation.  In  1839-1843,  professor  of  anatomy  in  Pennsylvania  Medi- 
cal College.     President,  Philadelphia  Academy  National  Sciences  in  1849. 

Biofn*.  Wm.  H.  Dall.    Some  American  Conchologiste.    Proc.  Bio.  Soc.  of  Washington,  IV,  1886-«, 
p.  105. 

MuDGE,  Benjamin  Franklin.     Chemist  and  geologist. 

Born  in  Orrington,  Me.,  August  11,  1817;  died  in  Manhattan,  Kans.,  November 
21,  1879.  Educated  as  a  lawyer.  During  1859-60,  employed  as  chemist  in  oil  refin- 
eries. In  1864,  appointed  State  geologist  of  Kansas.  In  1865-1873,  professor  of  natural 
history  in  the  Kansas  Agricultural  College. 

Blogr.  S.  W.  Williston.    American  Geologist,  XXIII,  No.  6,  1899,  pp.  339-345. 
Murray,  Alexander.     Geologist. 

Born  at  Dollerie  House,  Crieff,  in  Perthshire,  Scotland,  June  2,  1810;  died  there, 
December  16,  1884.  Came  to  Canada  in  1843  as  assistant  to  lx)gan  on  geological  sur- 
vey of  Canada.  From  1864  to  1880,  engaged  in  making  geological  survey  of  New- 
foundland. 

Biogr.  Robert  Bell.    Canadian  Record  of  Science,  V,  1882-3,  pp.  77-96. 
MuRRisH,  John  M. 

Born  in  Cornwall,  England,  March  8,  1820;  died  in  Mazomanie,  Wis.,  August  17, 
1886.  Was  superintendent  of  mine  in  ('omwall.  Came  to  America  and  settled  at 
Mineral  Point,  Wis.,  about  1848.    In  1860  removed  to  Mazomanie^ Wis.,  where  be 
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engaged  in  mercantile  pursuits  in  1865.     In  early  life  a  regularly  ordained  preacher 
in  the  Protestant  Methodist  Church.     State  geologist  of  Wisconsin  in  1870. 

Biogr.  Mazomanie,  Wis.,  "Sickle,"  Aug.  21. 1886. 
Newberry,  John  Strong.     Stratigraphic  geologist  and  paleontologist. 

Born  in  Windsor,  Conn.,  December  22,  1822;  died  in  New  Haven,  Conn.,  December 
7, 1892.  Received  degree  of  M.  D.  from  Cleveland  Medical  School  in  1848.  Prac- 
ticed medicine  in  Cleveland,  1851-1854.  (Geologist  with  Lieutenant  Wilkinson's  party 
in  Pacific  Railroad  survey,  1855;'  with  Lieutenant  Ives  in  exploration  of  Colorado 
River  in  1857;  with  Captain  Macomb's  party  in  Mexico  in  1859.  From  1866  to  the 
time  of  his  death  professor  of  geology  and  paleontology  in  Columbia  College,  New 
York  City.     In  1869-1884,  State  geologist  of  Ohio. 

Biogr.  J.  J.  Stevenson.    Am.  Geologist,  XII,  1893,  pp.  1-26. 
J.  F.  Kemp.    School  of  Mines  Quarterly,  1893. 
H.  L.  Fairchild.    Hist.  N.  Y.  Acad.  Sciences,  1887. 

Newton,  Henry.     Geologist. 

Bom  in  New  York,  August  12,  1845;  died  in  Black  Hills  of  Dakota,  August  5, 1877. 
Graduated  from  Collie  of  City  of  New  York  and  froin.  Columbia  College  (School  of 
Mines).  In  1869-1876,  assistant  in  metallurgy  and  geology  at  Columbia.  Assistant 
geologist  of  Ohio  geological  survey  and  in  1876,  assistant  engineer  on  Black  Hills 
expedition.  In  1877,  was  appointed  professor  of  mineralogy  and  metallui^y  in  Ohio 
State  University,  but  did  not  live  to  fill  that  chair. 
NiLEs,  William  Harmon.     Geologist  and  educator. 

Born  in  Northampton,  Mass.    Educated  at  Harv^ard  and  Yale.    Professor  of  physical 
geology  and  geography  in  the  Massachusetts  Institute  of  Technology,  1871-1878; 
professor  of  geology  and  geography,  1878-1902. 
Norwood,  Joseph  Granville.     Physician  and  paleontologist. 

Bom  in  Woodford  County,  Ky.,  December  20, 1807;  died  in  Columbia,  Mo.,  May  6, 
1895.  Educated  as  a  physician.  In  1840-1843,  professor  of  surgery  in  Madison  Medical 
Institute,  Indiana.  In  1843-1847,  professor  of  medicine  in  the  St.  Louis  University. 
In  1847-1851,  assistant  geologist  with  D.  D.  Owen  on  the  surveys  of  Wisconsin,  Iowa, 
and  Minnesota.  In  1851-1858,  State  geologist  of  Illinois.  In  1858-1860,  assistant  geol- 
ogist of  Missouri.  In  1860-1870,  professor  of  geology,  chemistry,  and  natural  sciences 
in  University  of  Missouri.     Writings  on  geology  mainly  of  a  paleontological  nature. 

Biogr.  G.  C.  Broadhead.    Amer.  Geol.,  XVI,  No.  2,  Aug.,  1895,  p.  69. 
Olmsted,  Denison.    Educator. 

Born  in  P^ast  Hartford,  Conn.,  June  18,  1791;  died  in  New  Haven  May  13,  1859. 
He  was  graduated  from  Yale  in  1813.     Tutor  there,  1815-1817.     In  1817,  appointed 
professor  of  chemistry  in  the  University  of  North  Carolina.     In  1824-25,  engaged  in 
making  a  geological  and  mineralogical  survey  of  North  Carolina.     During  1825  to 
1835,  professor  of  mathematics  and  natural  philosophy  in  Yale.     From  1835  to  time 
of  his  last  illness,  professor  of  natural  philosophy  and  astronomy  in  Yale.     Author 
of  text-books  on  natural  philosophy,  astronomy,  and  meteorology,  and  perhaps 
most  widely  known  by  his  papers  on  meteoric  showers. 
Biogr.  Am.  Jour.  Sci.  XXVUI,  Nov.,  1859,  pp.  109-118. 
New  Englander,  August,  1859. 
Popular  Science  Monthly,  Jan.,  1895,  pp.  401-408. 

Orton,  Edward.    Geologist. 

Bom  in  Deposit,  Delaware  County,  N.  Y.,  March  9, 1829;  died  in  Columbus,  Ohio, 
October  16,  1899.  Studied  for  the  ministry  and  was  ordained  pastor  of  the  Pres- 
byterian church  at  Downsville,  Delaware  County,  N.  Y.  In  1856  he  resigned  to 
become  professor  of  natural  sciences  in  New  York  State  Normal  School  at  Albany. 
Principal  of  the  preparatory  department  of  Antioch  College,  in  Yellowsprings,  Ohio, 
from  1865  to  1872,  being  elected  to  the  presidency  of  the  college  at  the  latter  date. 
Became  president  of  the  State  Agricultural  College  in  1873,  which  position  he  occu- 
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pied  until  time  of  his  death.     Became  State  geologist  of  Ohio  in  1882.     His  principal 
work  as  an  investigator  related  to  the  occurrence  and  origin  of  petroleum  and  clays. 

Biogr.  J.  J.  Stevenson.    Joum.  of  Geol.,  VIII,  No.  S,  1900,  pp.  206-213. 

Science,  Jan.  6, 1900,  pp.  1-12. 

Pop.  Scl.  Monthly,  March,  1900,  pp.  607-618. 

Amer.  Geologist,  XXV,  Apr.,  1900,  pp.  197-210. 

E.  O.  Hovey.    Eng.  &  Min.  Joum.,  XLVIII,  No.  17,  Oct.  21, 1899,  p.  485. 

Owen,  David  Dale.    Geologist. 

Bom  near  New  Lanark,  Scotland,  June  24,  1807;  died  in  New  Harmony,  Ind., 
November  13,  1860.  Came  to  America  in  1824,  but  returned  to  Scotland  in  182^, 
returning  again  to  America  in  1827.  Graduated  as  doctor  of  medicine  in  1836.  Con- 
nected with  State  geological  survey  of  Tennessee  under  Troost.  State  geologist  of 
Indiana,  1837-38.  Made  surveys  of  the  Dubuque  and  Mineral  Point  districts  of 
Wisconsin  and  Iowa,  1839-40.  In  1847,  was  appointed  United  States  geologist,  and 
directed  to  make  survey  of  the  Chippewa  land  district.  In  1854,  was  appointed 
State  geologist  of  Kentucky;  in  1857,  State  geologist  of  Arkansas;  in  1859,  appointed 
for  the  second  time  State  geologist  of  Indiana. 

Biogr.  American  Geologist,  IV,  Aug.,  1889,  pp.  6^-72. 
Owen,  Richard.    Educator. 

Bom  in  New  Lanark,  Scotland,  January  6,  1810;  died  in  New  Harmony,  Ind., 
March  25,  1890.  Came  to  America  with  his  brother,  David  Dale  Owen,  in  1827. 
Was  chief  assistant  to  his  brother,  David  Dale,  during  explorations  of  northern 
shore  of  Lake  Superior.  For  a  time  professor  in  Western  Military  Institute  in  Ken- 
tucky, and  the  State  University  in  Nashville.  Professor  of  natural  sciences  in 
University  of  Indiana  from  1864  to  1879. 

Biogr.  Pop.  8ci.  Monthly,  XXIII,  pp.  100-113;  Pop.  Sci.  Monthly,  XXXVII,  p.  144. 
Pealb.  Albert  Charles.    Geologist. 

Born  in  Hecksherville,  Pa.,  April  1,  1849.  Graduated  from  University  of  Penn- 
sylvania, M.  D.,  in  1871.  Mineralogist  and  geologist.  U.  S.  Geological  and 
Geographical  Survey  of  Territories,  1871-1879;  geologist,  U.  S.  Geological  Suney, 
1881-1898.  Since  1898  he  has  had  charge  of  {)aleobotanical  collections  in  U.  S. 
National  Museum. 
Percival,  Jambs  Gates.    Geologist  and  litterateur. 

Bom  in  Kensington,  Conn.,  September  15,  1795;  died  in  Hazelgreen,  W's.,  May 
2,  1856.  Received  the  degree  of  M.  D.  in  1820,  but  never  practiced  medicine.  In 
1824,  professor  of  chemistry  at  the  West  Point  Military  Academy.  In  1835,  was 
appointed,  in  company  with  Prof.  C.  U.  Shepard,  to  make  geological  and  mineral- 
ogical  survey  of  Connecticut.    State  geologist  of  Wisconsin,  1854-1856. 

Biogr.  Am.  Journ.  Sci.,  XXII.  1856,  pp.  150-1. 

Geol.  Survey  of  Wieconsin,  1856.    Preface. 

Perry,  John  Bulkley.    Clergyman  and  geologist. 

Bom  in  Richmond,  Berkshire  County,  Mass.,  December  12,  1825;  died  in  Cam- 
bridge, Mass.,  October  30,  1872.  Graduated  in  theology  from  Andover  in  1853,  and 
was  preacher  until  1867.  In  that  year  was  appointed  lecturer  on  geology  and  assist- 
ant to  Louis  Agassiz  in  paleontology  at  Harvard.  In  1869,  lectured  on  geologj'  in 
University  of  Vermont.    In  1871,  accepted  professorship  of  geology  in  Oberlin,  Ohio. 

Hemminways  Gazetteer  of  Vt.,  for  1904. 

Amer.  Jour.  Scl.,  IV,  1872,  p.  424. 

Peter,  Robert.    Chemist. 

Bom  in  Cornwall,  England,  January  21, 1805;  died  in  Louisville,  Ky.,  1894.  Came 
to  America  in  1821.  In  1830,  professor  of  chemistry  in  the  Western  University  of 
Pennsylvania.  In  1832,  professor  of  chemistry  in  Morrison  College,  Lexington,  Ky. 
Also  served  in  a  similar  position  in  the  Transylvania  University  and  in  the  Kentucky 
School  of  Medicine  at  Louisville.    Subsequent  to  1865,  prg,fy^)^f^r^of^,gEQi^yjn  the 
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Kentucky  State  Collej?e.  Was  at  the  head  of  the  chemical  department  of  the  State 
Geological  Survey,  1854-1861,  and  particularly  active  in  the  study  of  soils  and  min- 
eral waters. 

Biogrr.  Memorial  Trans.  Ky.  State  Med.  Soc.  Ill,  1895. 
Potter,  William  Blebcker.     Mining  engineer  and  metallui>nst 

Bom  in  Schenectady,  N.  Y.,  March  23,  1846.     Graduated  from  Columbia,  1866; 
assistant,  geology,  Columbia,  1869-1871.     Assistant  on  geological  survey  of  Ohio; 
professor  mining  and  metallurgy,  Washington  University,  St.  Louis,  1871. 
Powell,  John  Wesley.     Ethnologist  and  administrator. 

Bom  in  Mount  Morris,  N.  Y.,  March  24,  1834;  died  in  Haven,  Me.,  September 
23,  1902.  Served  through  civil  war,  reaching  rank  of  major.  After  war,  profes- 
sor of  geology  in  Illinois  Wesleyan  University  and  Illinois  Normal  University. 
Explored  Grand  Canyon  of  Colorado,  1869.  In  1871-1879,  at  head  of  survey  of  the 
Rocky  Mountains.  In  1879,  the  Bureau  of  Ethnology  was  established  and  Major 
Powell  made  director,  a  place  that  he  held  until  his  death.  In  1881-1894,  also  director 
of  U.  S.  Geological  Survey. 

Wm.  H.  Brewer.    Am.  Jour.  Sci.,  XIV,  Nov.,  1902.    pp.  377-382. 
Blogr.  G.  P.  Merrill.    Am.  Geologist,  June,  '03.    pp.  327-383. 

Prime,  Frederick.     Geologist  and  metallurgist. 

Bom  in  Philadelphia,  March  1,  1846.  Graduated  from  Columbia  College,  1865, 
A.  M.  Studied  four  years  at  Royal  School  of  Mines,  Freiberg,  Saxony.  Assistant 
professor  Columbia  School  of  Mines,  1869-70;  professor  geology  and  metallurgy, 
Lafayette  College,  1870-1879;  assistant  State  geologist  of  Pennsylvania,  1874-1879; 
professor  natural  history,  (lirard  College,  since  1895. 
Pumpelly,  Raphael.     Geologist. 

Born  in  Oswego,  N.  Y. ,  September  8, 1837.  In  1862-63,  employed  in  economic  work 
by  Japanese  and  Chinese  Governments.  In  1865,  appointed  professor  of  mining 
engineering  in  Harvard  University.  In  1869-1871,  State  geologist  of  Michigan,  and, 
1872-73,  director  of  State  survey  of  Missouri.  In  1881,  director  northern  transconti- 
nental survey,  and,  1884-1890,  in  charge  archean  division  of  the  U.  S.  Greological 
Survey. 

Biogr.  Nat  Cyclopedia,  VI,  p.  362. 
Rbdpield,  William  C.     Meteorologist. 

Bom  near  Middletown,  Conn.,  March  26,  1789;  died  in  New  York  City,  Febmary 
12,  1857.  Wrote  principally  on  meteorology,  being  the  author  of  some  62  papers  on 
this  subject.  Also  wrote  articles  on  geology,  with  particular  reference  to  the  eastern 
Triassic  areas. 

BioKr.  Am.  Jour.  Sol.,  XXIII,  1857,  pp.  292-293;  XXIV,  1867,  pp.  366-373:  Canadian  Nat.  &  Geol., 

II,  1867.  pp.  426-446. 
H.  L.  Fairchlld.    History  of  New  York  Academy  of  Science.  1887,  pp.  76-81. 

RoEPPER,  William  T.     Mineralogist. 

Bom  in  Peilau,  Lower  Silesia,  March  7,  1810;  died  in  Bethlehem,  Pa.,  March  11, 
1880.  Came  to  America  in  1840  in  the  service  of  the  Moravian  Church.  In  1866, 
was  appointed  professor  of  mineralogy  and  geologj'  and  curator  of  museum  in  Lehigh 
University,  Bethlehem,  Pa.,  retaining  the  professorship  for  three  years,  but  remain- 
ing curator  until  1871.     His  writings  were  mostly  of  a  mineralogical  nature. 

Biogr.  Am.  Jour.  Scl.,  XIX,  1880,  p.  340. 
RocjEitH,  Henry  Darwin.     Geologist. 

Born  in  Philadelphia,  August  1,  1808,  and  die<l  near  Glasgow,  Scotland,  May  29, 
1866.  Professor  of  chemistry  and  natural  philosophy  in  Dickinson  College,  1830-31. 
Professor  of  geology  and  mineralogy  in  University  of  Pennsylvania,  18:^5-1846. 
State  geologist  of  New  Jersey,  1835-1840;  State  geologist  of  Pennsylvania,  1846-1852; 
regius  professor  of  natural  history  in  University  of  Glasgow,  Scotland,  1857-1866.  j 
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Rogers,  William  Barton.     Geologist  and  educator. 

Born  in  Philadelphia,  Pa.,  December  7, 1804;  died  in  Boston,  Mass.,  May  30, 1882. 
Professor  in  William  and  Mary  College,  1827-1835.  Professor  of  natural  history, 
University  of  Virginia,  1835-1853.  Director  of  the  geological  survey  of  Virginia, 
1835-1842.  One  of  the  founders  and  president  of  the  Massachusetts  Institute  of 
Technology,  1862  to  the  time  of  his  death.  President  of  American  Association  for 
the  Advancement  of  Science  in  1875. 

Biogr.  Pop.  Sci.  Monthly,  IX,  1876,  pp.  60G-611. 

Life  and  Ix'tters  of  W.  B.  Rogers,  The  Riverside  Press,  Cambridge,  Ma.sa. 

RoMiN(iKR,  Carl  Ludwki.     Physician  and  paleontologist. 

Born  in  Schnaitheim,  Wurttemberg,  Germany,  December  31,  1820.  Graduated 
from  University  of  Tubingen  in  1839.  Assistant  in  chemical  laboratory  of  same  uni- 
versity, 1842-1845.  In  1845-1848,  studied  geological  structure  of  various  countries  of 
Plurope.  Came  to  United  States  in  1848  and  practiced  medicine  in  Cincinnati  for 
twenty-five  years.  In  1870-1883,  director  of  the  geological  survey  of  Michigan. 
RuFFiN,  Edmund.     Agriculturist. 

Born  in  Prince  George  County,  Va.,  January  5,  1794;  died,  June  17,  1865.  Wrot^ 
principally  on  soils  and  manures.  For  a  time  agricultuml  surveyor  of  South  Cart)lina. 
Russell,  Israel  Cook.     (Geologist  and  geographer. 

Born  in  Garrattsville,  N.  Y.,  Deceml)er  10,  1852.  (iraduateil  from  New  York 
University.  Postgraduatt*  studies  in  School  of  Mines,  Columbia.  Member  l^.  S. 
Transit  of  Venus  expedition  to  New  Zealand,  1874-75;  assistant  in  geology,  Colum- 
bia, 1875-1877;  assistant  geologist  on  U.  S.  Geological  and  CJeographical  Survey  west 
of  one-hundredth  meridian,  1878;  geologist  U.  S.  Geological  Survey,  1880-1892;  pro- 
fessor of  geology,  University  of  Michigan,  since  1892. 
S AFFORD,  James  Merrill.     Geologist. 

Born  in  Putnam  (now  Zanesville),  Ohio,  August  13,  1822.  Graduated  from  Ohio 
University,  at  Athens,  in  1844.  Professor  of  natural  science  at  Cumberland  Uni- 
versity, Lebanon,  Tenn.,  from  1848  to  1872.  State  geologist  of  Tennessee,  1854-1860 
and  1871-1889.  For  twenty-five  years  professor  of  geology  in  Vanderbilt  University, 
1875-1900. 
SofiooLCRAPT,  Henry  Rowe.     Explorer. 

Born  in  Albany  County,  N.  Y.,  March  28, 1793;  died  in  Washington  City,  December 
10,  1864.  Was  trained  as  land  surveyor  and  became  early  connected  with  western 
exploring  expeditions.  Was  naturalist  and  mineralogist  on  the  expedition  to  explore 
the  sources  of  the  Mississippi  River  and  investigate  the  copper  deposits  of  Lake  Supe- 
rior, 1820-1822.  Traveled  extensively  in  central  portions  of  the  Mississippi  Valley  in 
1824-25.  In  charge  of  an  expedition  to  upper  Mississippi  Valley  in  1832.  Beet 
known  as  traveler  and  explorer,  but  his  notes  contain  much  material  which  at  the 
time  was  of  geological  interest  and  imiK)rtance. 
Biogr.  Pop.  Sel.  Monthly,  May,  1890,  pp.  113-12L 
National  Magazine,  Jan.  18.55. 

Scudder,  Samuel  Hubbard.     Entomologist  and  paleontologist. 

Bom  in  Boston,  Mas.s.,  April  13,  1837.  Graduated  from  Williams  College,  1857; 
I^wrence  Scientific  School,  B.  S.,  1862.  Assisted  Louis  Agassiz  in  Museum  of 
Comjmrative  Zoology,  Harvard,  1862-1864;  secretary  Boston  Society  of  Natural 
History,  1862-1870;  president  of  same,  1880-1887.  Paleontologist,  U.  S.  Geological 
Survey.  Voluminous  writer  on  living  and  fossil  insects. 
Selwyn,  Alfred  Richard  Cecil.     Stratigraphic  geologist. 

Born  in  Kilmington,  Somersetshire,  England,  July  28,  1828;  died  in  Vancouver, 
British  Columbia,  October  19,  1902.  Assistant  geologist  on  geological  survey  of 
Great  Britain  from  1845  to  1852.  In  1853,  appointed  to  undertake  geological  8ur\'ey 
of  Victoria,  Australia;  also  made  report  on  Tasmanian  coal  and  gold-^elds,  and  in 

.,y,u..uuy^OOgle 
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1859,  made  survey  of  South  Australia.  In  1869,  succeeded  Sir  William  Logan  as 
(lirect^)r  of  geological  survey  of  Canada.  In  1871,  undertook  exploring  expedition 
into  British  Columbia.  His  publications  numl>er  more  than  eighty  books  and  pam- 
phlets on  geological  subjects. 

Biogr.  Henry  Woodward.    Geological  Magazine,  London,  Feb.,  1899,  pp.  49-55. 

H.  M.  Ami.    American  Geologist.  XXXI,  No.  1,  Jan.  1908,  pp.  1-21. 

Shaler,  Nathaniel  Southgate.     Geologist  and  educator. 

Bom  in  Newport,  Ky.,  February  20,  1841.     Graduated  from  Harvard  in  1862. 
Instructor  zoology  and  geology  Lawrence  Scientific  School,  1868-1872;   professor 
I)aleontology,  1868-1887,  and  since  then  professor  geology,  Harvard  University; 
director,  Kentucky  geological  survey,  1873-1880. 
Shepard,  Charles  Upham.     Mineralogist. 

Born  in  Little  Compton,  R.  I.,  June  29,  1804;  died  in  Charleston,  S.  C,  May  1, 
1886.  Graduated  from  Amherst  College  in  1824.  Assisted  Professor  Silliman  at  Yale 
College,  1827-1845.  State  mineralogist  of  Connecticut,  1835-1837;  1845-1852;  and 
1861-1877,  professor  of  chemistry  and  natural  history  in  Amherst  College,  Massachu- 
setts. During  1854-1861  and  1865-1869,  professor  of  chemistry  at  South  Carolina 
Medical  College,  Charleston. 

Biogr.  Am.  Joum.  Science,  XXXI,  1886,  p.  482. 
Shumard,  Benjamin  Franklin.     Paleontologist. 

Born  in  I^ncaster,  Pa.,  November  24,  1820;  died  in  St.  Louis,  Mo.,  April  14,  1869. 
Educated  as  a  physician,  but  early  became  interested  in  paleontology.  Contributed 
to  Owen's  Report  on  the  Geology  of  Wisconsin,  Iowa,  and  Minnesota.  In  1850, 
accompanied  Doctor  Evans  on  his  geological  reconnaissance  of  Oregon.  In  1853,  was 
appointed  assistant  geologist  and  paleontologist  of  the  Missouri  geological  survey 
under  G.  C.  Swallow.  State  geologist  of  Texas,  1858-1861.  His  work  was  almost 
wholly  of  a  paleontological  nature. 

Biogr.  Amer.  Geol.,  IV,  No.  1,  July,  1899,  pp.  1-6. 
Am.  Journ.  Science  and  Arts,  XLVIII,  1869,  p.  294. 

Silliman,  Benjamin.     Chemist  and  educator. 

Born  in  New  Stratford  (now  Trumbull),  Conn.,  August  8,  1779;  died  in  New 
Haven,  Conn.,  November  24,  1864.  Professor  of  chemistry  and  natural  history  at 
Yale  Coll^^e,  New  Haven,  Conn.,  1802-1853.  Founded  the  American  [Silliman^s] 
Journal  of  Science  in  1818.  Was  noted  as  teacher,  public  lecturer,  and  writer  more 
than  an  original  investigator. 

Am.  Journ.  of  Science  and  Arts,  XXXIX,  May,  186.5,  p.  1. 
George  P.  Fisher.    Life  of  Benjamin  Silliman,  N.  Y.,  Scribner  &  Co.,  1866. 
Memoir  of  Benjamin  Silliman  by  Alexia  Caswell.    Mem.  Nat.  Acad,  of  8ci.,  T,  1877. 
Biogr.  Pop.  Sci.  Monthly,  XXIII,  June.  1883,  pp.  259-266. 

Silliman,  Benjamin,  Jr.     Chennnt. 

Bom  in  New  Haven,  Conn.,  December  4,  1816;^  died  in  New  Haven,  January  14, 
1885.     In  1837-1 846,  assistant  professor,  and  1837-1885,  professor  of  chemistry  at  Yale 
College. 
Smith,  C.  D.     Clergyman. 

Born  in  Buncombe  County,  N.  C,  April  1,  1813.     By  profession  a  Methodist 
clergyman,  but  during  a  portion  of  1859  and  1860  was  connected  with  the  geological 
survey  of  North  Carolina  under  Ebenezer  Emmons.     Was  also  for  a  timf  ixjnnected 
with  the  State  survey  under  W.  C.  Kerr. 
Smith,  Eugene  Allen.     Geologist. 

Born  in  Washington,  Autauga  County,  Ala.,  October  27,  1841.  Graduated  from 
University  of  Alabama,  1862.  In  1865-1868,  studied  in  Germany,  returning  to  America 
and  becoming  assistant  to  Dr.  (ieorge  Little  on  geological  survey  of  Mississippi.  In 
1871  l)ecamo  professor  of  geology  and  mineralogy  in  University  of  Alabama,  and  in 
1873  was  uppointeil  State  geologist,  which  |M)Hition  he  still  holds,  y  i-^u  uy  ^^^^^^^^L 
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Smith,  John  Lawrence.     Mineralogical  chemist. 

Born  in  Charleston.  S.  C,  December  17,  1818;  died  in  Louisville,  Ky.,  October  12, 
1883.  Practicing  physician  in  Charleston,  S.  C,  and  State  assayer  for  North  and 
South  Carolina.  Mining  engineer  to  the  Turkish  Grovernment,  1846-1850.  Com- 
missioner to  Paris  Exposition  in  1867.  Published  many  papers  on  the  chemical  com- 
position of  American  minerals  and  was  an  authority  on  the  subject  of  meteorites. 

Biogr.  Pop.  Sci.  Monthly,  VI,  Dec.  1874,  pp.  233-236. 

Biogr.  Benj.  Silliman.    Nat.  Acad.  Sci.,  Biogr.  Mcmoire.    II.  1886. 

Squire,  Joseph.     Mining  engineer. 

Bom  in  England.  Came  to  America  at  age  of  18.  Employed  in  works  of  Peabody 
Furnace  Company,  at  Providence,  R.  I.,  where  he  learned  mining.  Subsequently 
moved  to  Kansas.  In  1859,  went  to  Alabama  and  became  engaged  in  (roal  mining 
and  the  work  of  a  mining  engineer.  After  1879  was  employed  part  of  the  time  by 
State  geological  survey. 
Stevenson,  John  James.    Geologist  and  educator. 

Born  in  New  York  City,  October  10,  1841.     Graduated  from  New  York  Univer- 
sity in  1863.     United  States  geologist,  1873-74;  with  Wheeler  survey  west  of  one- 
hundredth    meridian,   1878-1880;    geologist    of    Pennsylvania   geological    survey, 
1876-1878,  1881-82;  professor  of  geology.  New  York  University,  since  1871. 
Swallow,  George  Clinton.     Stratigraphic  geologist. 

Bom  in  Buckfield,  Oxford  County,  Me.,  in  1817;  died  at  Evanston,  111.,  April  20, 
1899.  Lecturer  on  botany  as  applied  to  agriculture  and  mechanical  arts  at  Bowdoin 
College,  1843;  principal  of  Branswick  Female  Seminary,  1843-1849;  principal  of 
Hampden  Academy,  Maine,  1849;  professor  of  chemistry,  geology,  and  mineralogy 
of  the  University  of  the  State  of  Missouri,  1861-1853;  State  geologist  of  Missouri, 
1853-1861 ;  professor  of  chemistry  and  natural  science  in  the  LTniversity  of  Missouri, 
1867-58;  assistant  geologist  of  Kansas,  1864;  State  geologist  of  Kansas,  1866-66;  pro- 
fessor of  agriculture  in  the  Agricultural  and  Mechanical  College  of  Missouri,  1870; 
professor  of  botany,  comparative  anatomy,  and  physiology  in  medical  school  of  Uni- 
versity of  Missouri,  1872;  professor  of  natural  sciences  and  dean  of  the  Agricultural 
and  Mechanical  College  up  to  1882;  State  inspector  of  mines  of  Montana,  1888-89. 

BlofiTT.  American  Geologifit,  XXIV,  July,  1899,  pp.  1-6. 
Taylor,  Richard  Cowling.     Geologist  and  mining  engineer. 

Born  in  Hinton,  Suffolk,  England,  January  18,  1789;  died  in  Philadelphia,  Pa., 
October  26,  1861.    Came  to  America  about  1830. 
Tbschbmachbr,  Jambs  Enolbbert.     Paleobotanist. 

Bom  in  Nottingham,  England,  June  11,  1790;  died  in  Boston,  Mass.,  1853.    Came 
to  America  February  7,  1832,  and  settled  in  Boston.     A  business  man  with  scdentific 
tendencies. 
Thompson,  Zadock.     Clergyman. 

Born  in  Bridgewater,  Vt.,  May  23, 1796;  died  in  Burlington,  Vt,  January  19,  1856. 
First  became  noted  as  a  compiler  of  almanacs  and  from  his  publication  of  a  gazetteer 
of  Vermont,  which  appeared  in  1826.     Assistant  on  State  geological  8ur\^ey  of  Ver- 
mont, 1846-1847.     State  naturalist  of  Vermont,  1863-1856. 
Biogr.  Pop.  Sci.  Monthly,  Dec.,  1904.  pp.  262-267. 
Am.  Joum.  Sci.,  XXH,  1866,  pp.  44-49. 
G.  H.  Perkins.    American  Geologist,  XXIX,  No.  2, 1902,  pp.  66-71. 

Trask,  John  Boardman.     Surgeon. 

Bom  in  Roxbury,  Mass.,  1824;  died  in  San  Francisco,  Cal.,  July  3,  1879.  Edu- 
cated at  Yale.  One  of  the  charter  members  of  the  Academy  of  Natural  Sciences  of 
San  Francisco.  Geologist  on  boundary  survey  between  Mexico,  California,  and 
Nevada;  State  geologist  of  California  in  early  fifties.  Assistant  sui^geon  of  volunteers 
in  civil  war.  ^-^  j 

A.  W.  Vogdes,  San  Diego,  Cal,  Digitized  by  VjOOQ IC 
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Troost,  Gerard.    Chemist  and  geologist. 

Born  in  Bois-le-Duc,  Holland,  March  15,  1776;  died  in  Nashville,  Tenn.,  August 
14,  1850.  Came  to  the  United  States  in  1810  and  was  one  of  the  founders  of  the 
Philadelphia  Academy  of  Natural  Sciences  in  1812;  chosen  its  first  president.  In 
1821,  was  appointed  professor  of  mineralogy  in  Philadelphia  Museum,  and  profes- 
sor of  chemistry  in  the  Philadelphia  College  of  Pharmacy.  Professor  of  chemistry, 
geology,  and  mineralogy  in  University  of  Nashville,  Tenn.,  1828-1850.  State  geolo- 
gist of  Tennessee,  1831-1850. 

Biogr.  Appleton'8  Cylo.  of  Amer.  Blog. 

L.  C.  Glenn.    Amer.  Geol.,  XXXV,  No.  2, 1906,  pp.  72-94. 

TuoMEY,  Michael.     Geologist 

Born  in  Cork,  Ireland,  September  29  (St.  Michael's  Day),  1805;  died  in  Univer- 
sity, Ala.,  March  30, 1857.  Came  to  America  when  about  17  years  of  age  and  became 
a  teacher  on  the  eastern  shore  of  Virginia,  but  afterwards  went  to  Troy,  N.  Y.,  and 
was  graduated  from  Rensselaer  Institute.  State  geologist  of  South  Carolina  in  1844. 
In  1847,  was  appointed  professor  of  geology,  mineralogy,  and  agricultural  chemistry  in 
the  University  of  Alabama,  and  in  1848,  was  appointed  State  geologist  without  salary. 
In  1854,  relinquished  his  professorship  at  the  University  in  order  that  he  might  give 
all  his  attention  to  the  survey. 

Biogr.  Amer.  Geol.,  XX,  Oct.  1897,  pp.  205-212. 
Tyson,  Philip  Thomas.    Chemist. 

Born  in  Baltimore,  Md.,  June  23, 1799;  died  there  December  16, 1877.    State  agri- 
cultural chemist  of  Maryland  1858. 
Van  Renssblabr,  Stephen.     Patron. 

Born  in  New  York  City,  November  7, 1765;  died  in  Albany,  N.  Y.,  January  26, 1839. 
Established  the  Rensselaer  Polytechnic  Institute  in  Troy,  N.  Y.,  in  1826.  A  general 
patron  of  the  soj/ences  and  the  pioneer  of  American  geological  surveys,  Eaton's  early 
work  on  the  gealogy  of  the  Erie  Canal  region  being  carried  on  at  his  expense. 

Biogr.  Amer.  Jour.  Scl.,  XXXVI,  1839,  pp.  156-164. 
Vanuxem,  Laj^pner.    Chemist  and  stratigrapher. 

Bom  in  Philadelphia,  Pa.,  July  23,  1792;  died  in  Bristol,  Pa.,  January  25,  1848. 
Professor  of  chepiistry  and  geology  in  Columbia  College,  S.  C,  from  1820  to  1826.  In 
charge  of  third  district  New  York  survey  from  1836-1842. 

Biogr.  Pop.  8ci.  Monthly,  April,  ld95,  pp.  833-840. 
Wachsmuth,  Charles.    Paleontologist 

Bom  in  Hanover,  Germany,  September  13,  1829;  died  in  Burlington,  Iowa,  Feb- 
ruary 7,  1896.  Came  to  America  in  1852  and  entered  upon  a  mercantile  career,  but 
going  West  for  his  health  took  up  scientific  pursuits,  in  which  he  continued  until  his 
death.  For  several  years  assistant  to  Louis  Agassiz  in  the  Museum  of  Comparative 
Zoology. 

Biogr.  Chas.  R.  Keyes  in  American  Geologirt,  XVII,  1896,  pp.  181-136. 
Waloott,  Chafes  Doo little. 

Bom  in  New  York  Mills,  N.  Y.,  March  31,  1850.  Became  assistant,  New  York 
State  survey,  1876.  Connected  with  U.  S.  Geological  Survey,  as  geologist  and  paleon- 
tologist since  1879,  and  as  Director  since  1894.  From  January,  1897,  to  July,  1898, 
Acting  Assistant  Secretary  of  Smithsonian  Institution.  The  Cambrian  rocks  and 
faunas  of  the  United  States  have  been  his  especial  subjects  of  research. 
White,  Charles  Abiathar.     Paleontologist  and  stratigrapher. 

Born  in  North  Dighton,  Mass.,  January  26,  1826.  Graduated  from  Iowa  College. 
State  geologist  of  Iowa,  1866-1870;  professor  Iowa  State  University,  1867-1873;  pro- 
fessor Bowdoin  College,  Maine,  1873-1875;  geologist  and  paleontologist  to  various 
United  States  Government  surveys,  1874-1892.  Connected  with  the  U.  S.  National 
Museum  since  1876.  Digitized  by  GoOqIc 
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White,  Israel  C.     Geologist. 

Bom  in  Monongalia  County,  W.  Va.,  November  1,  1848.  Graduaed  from  West 
Virginia  University,  1872,  A.  M.;  assistant  geologist.  Second  Greological  Survey,  Penn- 
sylvania, 1875-1884;  on  U.  S.  Geological  Survey,  1884-1888;  professor  of  geology, 
West  Virginia  University,  1877-1892.  Specialist  in  coal,  petroleum,  and  natural  gas. 
State  geologist  of  West  Virginia  since  1897. 
Whitfield,  Robert  Parr.     Paleontologist. 

Bom  in  New  Hartford,  Oneida  County,  N.  Y.,  May  27,  1828.  Assistant  in  paleon- 
tology on  New  York  State  natural  history  survey,  1856-1876;  U.  S.  Geological  Survey, 
1872;  teacher  and  professor  of  geology,  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y., 
1872-1878;  since  1877,  curator  of  geological  department,  American  Museum  Natural 
History. 
Whitney,  Josiah  D wight.     Geologist. 

Bom  in  Northampton,  Mass.,  November  23,  1819;  died  in  New  I^ndon,  N.  H., 
August  19,  1896.  Graduated  at  Yale,  1839.  In  1840-1842,  assistant  to  Jackson  in 
geological  survey  of  New  Hampshire.  In  1847-1851,  on  survey  of  mineral  lands  of 
Lake  Superior  district.  In  1855,  appointed  State  chemist  of  Iowa  and  professor  in 
State  University.  In  1858-^59,  associated  with  James  Hall  on  geological  survey  of 
Iowa.  In  1858-1860,  with  Hall  on  geological  survey  of  Wisconsin.  In  1860-1874, 
State  geologist  of  California.  From  1865  to  his  death,  the  Sturgis  Hooper  professor 
of  geology,  Harvard  University,  Camlyidge,  Mass. 
Whittlesey,  Charles.     Stratigraphical  geologist  and  archaeologist. 

Bom  in  Southington,  Conn.,  October  4, 1808;  died  in  Cleveland,  Ohio,  October  18, 
1886.  Graduated  from  West  Point  in  1831;  resigned  from  araiy  at  close  of  Black 
Hawk  War,  and  from  that  time  to  1837  practiced  law.  In  1837-1839,  assistant  to 
W.  W.  Mather  in  survey  of  Ohio,  acting  as  topographer,  geographer,  and  geologist. 
In  1844,  geologist  in  exploration  of  copper  region  of  Michigan.  In  1847-1851, 
employed  in  United  States  sur\ey  of  country  around  Lake  Superior  and  upper  Mis- 
sissippi with  reference  to  mines.  In  1849, 1850, 1858,  explored  valley  of  Menominee 
River  and  north  shore  of  Lake  Superior.  In  1848,  connected  with  D.  D.  Owen's 
survey  of  northern  Wisconsin.  In  1858-59,  made  geological  surveys  of  Wisconsin, 
and  in  1860,  assisted  James  Hall  in  survey  of  same  State.  From  1867  to  time  of 
death,  devoted  to  promotion  of  Western  Reserve  and  Northern  Ohio  Historical 
Society,  of  which  he  was  president;  voluminous  writer  on  geology  and  archaeology  of 
Northwest. 

BlogT.  A.  WInchell,  American  Geologist,  IV,  1889,  pp.  257-68. 
Wight,  O.  W.     Physician. 

State  geologist  of  Wisconsin  1875,  succee<ling  Lapham,  and  himself  succeeded  by 
Chamberlain.     Made  but  one  rei)ort. 
WiNCHELL,  Alexander.     Geologist  and  educator. 

Bom  in  Northeast,  N.  Y.,  Decemi)er  31,  1824;  died  in  Ann  Arbor,  Mich.,  Febra- 

ary  19,  1891.     Began  life  ai*  a  teacher.     On  October  5,  1850,  took  charge  of  an  acad- 

«emy  at  Newbern,  Greene  County,  Ala.     In  1851,  opene<l  the  Mesopotamia  Female 

i^miuary  in  Eutaw,  Ala.     In  1853,  became  president  of  the  Masonic  University  at 

;8elma,  Ala.    On  November  16,  1853,  was  appointe<l  professor  of  physics  and  civil 

(engineering  in  the  University  of  Michigan,  entering  upon  his  duties  January  24, 1854. 

In  1855,  t)ecame  professor  of  geology,  zoology,  and  botany  in  the  university.     State 

"geologist  of  Michigan,  1859-1861  and  1869-1871.     Chancellor  of  Syracuse  Univer- 

:sity,  1873-74;  professor  of  geology,  Syracuse  University,  1874-75.     Connected  with 

Vanderbilt  l^niversity,  in  Nashville,  Tenn.,  1875-1878.     Professor  of  geology  and 

ipaleontology  in  Ann  Arbor,  Mich.,  1879-1891.     Professor  Wincheil  was  one  of  the 

Ibest  known  of  popular  writers  and  lecturers  in  geology. 

Bull.  Geol.  Soc.  of  America,  III.  1891.  pp.  3-13,  56-M.  Digitized  by  GoOQIc 

Amer.  Gt'ol.,  IX.  1892,  pp.  71-148.  ^  O 
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WiNCHELL,  Newton  Horace.    Geologist. 

Born  in  Northeast,  N.  Y.,  December  17,  1839.  Employed  on  geological  surs^ey  of 
Michigan  in  1860;  graduated  from  University  of  Michigan,  1866;  assistant  State  geol- 
olgist  of  Michigan,  1869-70;  assistant  geological  survey  Ohio,  1870-1872;  editor 
American  Geologist,  Minneapolis;  professor  of  mineralogy  and  geology,  University 
of  Michigan,  and  State  geologist,  1872-1900. 
Wing,  Augustus.     Clergyman  and  teacher. 

Born  in  Rochester,  Vt.,  November  19, 1808;  died  in  Whiting,  Vt.,  January  19, 1876. 
Pxlucated  as  a  clergyman,  but  soon  left  the  profession  to  become  a  teacher  and  inves- 
tigator. Published  practically  nothing,  but  made  very  exhaustive  studies  of  the 
limestone,  slates,  and  quartzites  of  the  Otter  Creek  Valley,  with  a  view  of  settling 
their  geological  age.  His  results  were  communicated  to  Dana,  who  utilized  them  in 
his  papers  upon  the  Taconic  question. 

Biogr.  American  Geologist,  XXVIII,  1901,  pp.  1-8. 
WrsLiZENUS,  Frederick  Adolphus.     Physician. 

Bom  in  Koenigsee,  in  Schwarzburg-Rudolstadt,  Germany,  May,  1810;    died  in 
St.  Louis,  Mo.,  September  22,  1889.     Graduated  from  University  of  Zurich  in  1834. 
Came  to  Ameri(»  in  1837,  settling  in  St  Louis.     His  geological  work  chiefly  result 
of  expedition  into  Mexico,  report  of  which  appeared  in  Washington  in  1848. 
WoRTHKN,  Amos  Henry.     Paleontologist. 

Born  in  Bra<lford,  Orange  County,  Vt.,  October  31,  1813;  died  in  Warsaw,  111., 
May  6, 1888.  Began  life  as  a  merchant  at  Warsaw,  111.  Assistant  to  J.  G.  Norwood, 
State  geologist  of  Illinois,  in  1853.  Assistant  to  Prof.  James  Hall,  State  geologist  of 
Iowa,  1855-1857.  State  geologist  of  Illinois  from  1858-1888,  and  curator  of  the  State 
Natural  History  Museum  from  1877.  His  work  was  mainly  of  a  paleontological  and 
stratigraphic  nature,  and  related  principally  to  the  Carboniferous  series. 
Biogr.  Chas.  A.  White,  Mem.  Nat.  Acad.  8cl..  Nov.  1898,  pp.  S41-362. 
E.  O.  Ulrieh,  American  Geologrist,  Aug.  1888,  pp.  114-117. 

Wright,  Charlbs  E.     Geologist 

Born  in  Copenhagen,  Lewis  County,  N.  Y.,  October  7,  1843;  died  in  Marquette, 
Mich.,  March  22,  1888.  Began  life  as  a  civil  engineer,  afterwards  turning  his  atten- 
tion to  geology  and  mining  engineering.  Commissioner  of  mineral  statistics  for 
Michigan,  1876-1883.  State  geologist  of  Michigan,  1884-1888.  His  work  was  limited 
mainly  to  the  mining  regions  of  northern  Michigan. 

Biogr.  American  Geologist,  II,  1888,  pp.  807-312. 
Wright,  George  Frederick.    Clergyman  and  glacial  geologist. 

Bom  in  Whitehall,  N.  Y.,  January  22,  1838.     By  profession  a  clergyman,  and  in 
1871  pastor  of  a  Congregational  church  in  Andover,  Mass.     In  1881,  professor  of  New 
Testament  Exegesis  in  Oberlin  Theological  Seminary.     Has  written  extensively  on 
glacial  subj*^ct8,  his  most  pretentious  work  being  his  Ice  Age  in  North  America. 
WiTRTZ,  Henry.     Chemist. 

Born  in  eastern  Pennsylvania,  June  5,  1828.     Graduated  from  Princeton  in  1848. 
In  1851,  became  instructor  in  Yale  scientific  school.     In  1853-1865,  chemist  of  the 
geological  survey  of  New  Jersey. 
Wyman,  Jeffries.     Anatomist  and  vertebrate  paleontologist. 

Born  in  Chelmsford,  Mass.,  August  11,  1814;  die<i  in  Bethlehem,  N.  H.,  Septem- 
ber 4,  1874.  Graduated  from  Harvard  in  1833  and  studied  and  practiced  medicine. 
Professor  of  anatomy  and  physiology  at  Hampden  Sidney  College  at  Richmond,  Va., 
184.3-1847.  From  1847  to  time  of  his  death,  Hersey  professor  of  anatomy  at  Har- 
vard C/ollege,  Cambridge. 

Biogr.  A.  S.  Packard,  Nat.  Acad.  Sci.,  Biog.  Memoirs,  II,  1886. 
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INTRODUCTION. 
THE  FOUNDER  OF  BUDDHISM. 

Buddhism  arose  at  the  end  of  the  sixth  or  beginning  of  the  fifth 
century  B.  C.  as  a  schism  or  reformation  of  Bi*ahmanism  in  India.  Its 
founder,  known  by  the  names  of  Gautama,  Sakyamuni,  and  Buddha, 
was  Siddhartha,  son  of  Suddhodanna,  of  the  family  Gautama,  rajah,  or 
chieftain,  of  the  Sakya  clan,  who  were  settled  in  the  Ganges  Valley,  at 
the  foot  of  the  Nepalese  Himalayas,  about  a  hundred  miles  to  the 
north  of  Benares,  with  Kapilavatsu  as  capital. 

The  simple  facts  of  the  founder's  career,  so  far  as  they  can  be  freed 
from  the  mass  of  legends  woven  about  his  person,  are  as  follows: 
Siddhartha,  who  was  of  a  meditative  turn  of  mind  and  deeply  impressed 
with  the  vanity  and  misery  of  life,  retired  from  the  world  at  the  age 
of  29,  after  ten  years  of  married  life.  This  is  called  the  ''  Great 
Renunciation."  For  six  years  he  led  the  life  of  a  recluse,  devoting 
himself  to  the  study  of  the  various  systems  of  philosophy  and  theology 
of  the  times,  and  to  severe  ascetic  practices,  without  finding  in  either 
i  solution  of  the  riddle  of  existence.  In  his  thirty -fifth  year  he  passed 
through  a  second  mental  crisis.  While  sitting  in  meditation  under 
the  famous  Bo-tree  (a  species  of  I^lcus  rellgiosa)  at  Buddha  Gaya,  he 
attained  to  the  state  of  a  Buddha — that  is,  of  an  ''enlightened  one," 
or  "awakened  one" — having  found  the  cause  of  the  evils  of  life  and 
the  way  of  deliverance  from  them. 
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For  forty-five  years  Buddha  went  about  from  place  to  place  in  the 
valley  of  the  Ganges,  proclaiming  his  good*  tidings  and  gathering 
around  him  a  small  band  of  faithful  followers,  the  earliest  members 
of  his  afterwards  famous  order.  He  died  peacefully  in  the  midst  of 
his  disciples  in  his  eightieth  year  at  Kusinagara,  the  modern  Kasia 
in  the  district  of  Gorakhpur.  . 

BUDDHA'S  DOCTRINES  (DHARMA). 

The  substance  of  the  teaching  of  Buddha  is  expressed  in  the  "Four 
Noble  Truths":  (1)  Existence  is  bound  up  with  sorrow;  (2)  the  causes 
of  sorroAV  are  our  affections  and  passions;  the  craving  for  life  and  its 
pleasures,  which  result  in  new  birth;  old  age,  sickness,  and  death.  For 
the  present  life  of  the  individual  is  not  the  first  one.  Innumerable 
births  have  preceded  it  in  previous  ages.  The  attachment  to  life  and 
its  pleasures  produces  a  new  being,  and  the  moral  chanict^er  of  the 
actions  of  the  former  existences  fixes  the  condition  of  the  new  being. 
This  is  called  the  law  of  cause  and  effect,  or  Karma,  It  is  the  aggre- 
gate result  of  all  previous  acts,  in  unbroken  succession  from  the 
beginning  of  existence,  which,  in  the  Buddhist  conception  of  man, 
constitutes  his  character,  his  real  self,  his  soul,  as  it  were.  This  alone 
endures  when  an  individual  existence  has  come  to  an  end,  tending  to 
form,  as  a  kind  of  transmigration  of  character,  a  new  sentient  being, 
whose  nature,  condition,  and  fortune  it  determines.  Individuals  are 
merely  the  present  and  temporary  links  in  a  long  chain  of  cause  and 
effect.  Each  link  is  the  summarized  result  of  the  various  activities  of 
all  that  have  gone  before,  and  is,  in  its  turn,  part  and  parcel  of  all 
that  will  follow.  By  the  theory  of  Karma,  Buddhism  explains  the 
mystery  of  fate  in  the  apparent  unequal  distribution  here  of  happiness 
and  woe,  entirely  independent  of  moral  qualities.  What  a  man  reaps. 
Buddhism  teaches,  that  he  must  himself  have  sown,  as  whatsoever  a 
man  sows  that  shall  he  also  reap.  (3)  The  cessation  of  sorrow  by 
suppression  of  desire  and  passion;  (4)  the  wa}^  to  deliverance  by  the 
Eightfold  Path:  (1)  Right  views,  (2)  right  resolutions,  (3)  right  speech, 
(4)  right  conduct,  (5)  right  way  of  earning  a  livelihood,  (6)  right 
endeavor,  (7)  right  thoughts,  and  (8)  right  meditation. 

The  moral  code  of  Buddhism  is  comprised  in  the  following  ten  pro- 
hibitions: (1)  Not  to  kill  or  even  injure  any  sentient  being,  (2)  not  to 
steal,  (3)  not  to  commit  adultery,  (4)  not  to  lie  or  use  an}'^  manner  of 
improper  speech,  (5)  not  to  use  intoxicating  drinks,  (6)  not  to  take 
repasts  at  improper  times  (i.  e.,  after  midday),  (7)  not  to  attend  dances, 
plays,  and  public  spectacles,  (8)  not  to  wear  costly  raiment  and  gar- 
lands or  use  perfumes,  (9)  not  to  use  large  seats  and  beds,  and  (10)  not 
to  receive  gold  or  silver. 

The  goal  is  the  Nirvana,  In  this  life  a  passionless  calm,  beyond 
reach  of  temptation,  through  the  extinction  of  the  great  passions,  such 
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as  lust,  hatred,  anger,  envy,  and  delusion.  By  thus  uprooting  all 
desire,  and  by  perfect  detachment  from  life  and  its  attractions,  cessa- 
tion of  the  renewal  of  existence  will  be  attained. 

According  to  the  Buddhist  doctrine  the  historical  founder  of  Bud- 
dhism was  only  one  of  the  many  Buddhas  who  appear  in  this  world  at 
intervals  of  many  ages,  and  any  one  can  become  a  Buddha — that  is, 
attain  to  the  way  of  salvation  for  himself  and  others — by  practicing 
self-denial  and  contemplation. 

THE  BUDDHIST  COMMUNITY  (SANGHA). 

The  Buddhist  community  in  the  strict  sense  consists  of  an  order  of 
monks  and  nuns  {Bhlkhahufi  and  BhikhshuHia)  who,  as  a  rule,  live  in 
monasteries  and  are  vowed  to  celibacy,  poverty,  and  obedience.  But 
already  in  Buddha's  lifetime  it  was  found  ini practicable  for  all  his 
adherents  to  retire  from  the  world  and  join  the  order.  On  these  lay- 
believers  only  the  first  five  of  the  ten  injunctions  quoted  above  are  obli- 
gatory. Among  the  virtues  recommended  to  the  masses  are  reverence 
of  parents  and  teachers,  care  for  wife  and  children,  submission  to 
authority,  control  over  self,  patience,  forbearance,  humility  and  con- 
tentment, almsgiving,  respect  for  the  life  of  sentient  creatures,  and 
care  for  the  welfare  of  all  living  things. 

Buddha,  his  doctrine,  and  the  community  form  the  triad  of  Bud- 
dhism, and  the  formula  of  confessing  fellowship  with  Buddhism  is: 
I  take  my  refuge  in  the  Buddha,  in  the  Dharraa,  and  in  the  Sangha. 

HISTORY  OF  THE  SPREAD  OF  BUDDHISM. 

Already  at  the  death  of  Buddha  the  number  of  Buddhists  seems  to 
have  been  considerable.  About  the  middle  of  the  third  century  B.  C, 
during  the  reign  of  Asoka,  Buddhism  began  to  spread  all  over  India. 
Towards  the  end  of  the  eleventh  century  A.  D.  it  was  entirely  sup- 
pressed in  India  itself,  the  land  of  its  origin.  But  it  had  been  adopted 
by  the  kings  of  Ceylon  in  the  third  century  B.  C.  From  thence  and 
the  south  of  India  it  was  carried,  in  the  fifth  and  seventh  centuries 
A.  D.,  to  Burma,  Siam,  and  the  Javanese  archipelago.  It  entered 
China  about  70  A.  D.  and  spread  from  thence  to  Korea  in  the  fourth 
century  A.  D.,  and  to  Japan  in  the  sixth  century  A.  D.  It  is  the 
established  religion  of  Nepal  and  Tibet,  and  has  adherents  among  the 
Mongols  and  Kalmucks  on  the  lower  Volga  and  the  Buriats  of  southern 
Siberia.  Wherever  Buddhism  went  it  was  modified  by  the  national 
characteristics  and  inherited  beliefs  of  its  converts,  so  that  its  funda- 
mental doctrines  were  often  overshadowed,  sometimes  destroyed,  and 
it  developed  into  strangely  inconsistent  and  even  antagonistic  beliefs 
and  practices.  At  the  same  time  it  everywhere  exercised  a  profound 
influence,  both  on  the  moral  and  religious  life  of  the  peoples  and  on 
their  art  and  architecture.  ^onalp 
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Buddhism  is  divided  into  two  great  Bchools  —the  southern  school  in 
Ceylon,  Burma,  and  Siam,  called  the  '' Lesser  Vehicle"  {ninayana)^ 
which  is  assumed  to  have  preserved  the  original  teachings  of  Buddha 
in  greater  purity  and  simplicity;  and  the  northern  school  in  central 
and  eastern  Asia,  called  the  "Greater  Vehicle"  {Mahayana)^  which 
adopted  many  popular  elements  of  mysticism  and  magic.  Each  of 
these  schools  is  subdivided  into  many  sects. 

THE  COLLECTION. 

1.  Buddha,  standinij  on  the  lotos  upon  a  platform,  with  an 
AUREOLE. — The  figure  is  made  of  teak,  gilded,  and  studded  with  col- 
ored stones;  the  platform  is  of  wood,  carved,  painted,  and  gilded,  and 
likewise  studded  with  colored  stones;  the  aureole  is  inlaid  with  pieces 
of  looking-glass,  surrounded  by  a  rim  of  open  carved  work,  terminat- 
ing in  a  biixi,  perhaps  the  Garudn^  the  mythical  bird  of  India,  or  the 
sacred  goose  {hanza).  Measurements:  Height  of  the  figure,  3  feet  10 
inches;  height  of  the  platform,  2  feet  4  inch;  width,  3  feet;  depth,  3 
feet  6  inches.— Burma.     (Plate  1,  Cat.  No.  216137,  U.S.N.M.) 

Buddha  is  genemlly  represented  as  a  beardless  young  man.  The 
head  is  surmounted  by  a  protuberance  (  Ushni^ha)^  being  the  "  hump  of 
perfect  wisdom."  The  hair  is  arranged  in  short  curls,  resembling  sharp 
points,  which  tradition  interprets  to  represent  snails  which  once  came 
out  to  shelter  Buddha's  head  from  the  i-a^^s  of  the  sun.  A  precious 
stone  in  the  form  of  a  bead  ( Ur^a)  is  on  the  forehead.  The  ear  lobes 
are  pierced  and  long,  sometimes  touching  the  shoulders.  The  arms 
are  long,  which  with  the  Hindus  is  a  mark  of  noble  birth.  The  robe  is 
thrown  over  the  left  shoulder,  leaving  the  right  one  free.  He  is 
either  standing,  the  attitude  of  teaching,  or  sitting  with  crossed  legs, 
meditating,  or  reclining,  passing  away  into  the  Nhvana,  The  throne 
{padftuisana)  upon  which  he  sits  or  stands  is  formed  of  the  fully 
opened  lotus  flower,  the  symbol  of  purity  and  perfection.  Behind 
the  head  is  often  displayed  a  nimbus  or  halo,  frequently  in  form 
of  a  fig  leaf,  in  remembrance  of  the  tree  under  which  he  attained  to 
Buddhahood. 

2.  Buddha,  sitting  in  meditation. — Bronze  and  incrusted  around 
the  forehead  with  colored  stones.  Height,  2  feet  5  inches. — Burma. 
(Plate  2,  Cat.  No.  216120,  U.S.N.M.) 

3.  Buddha,  skated  upon  a  lotus. — Curved  of  teak  and  gilded. 
Height,  3  feet.  -Burma.     (Plati^  3,  Cat.  No.  216131,  U.S.N.M.) 

4.  Buddha,  reulininci  (passing  into  Nirvana). — Made  of  alalmster, 
gilded  and  incrusted  with  colored  stones.  Placed  on  carved  and  gilded 
wooden  stand.  Length  of  figure,  2  feet  5  inches.  Measurements  of 
stand:  Length,  3  feet;  width,  1  foot  8  inches;  height,  11  inches.  - 
Burma.     (Plate  4,  Cat.  No.  216130,  U.S.N.M.) 
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5-7.  Three  figurines  of  Buddha,  representing  him  in  the  usual 
attitudes:  Standing  or  teaching,  sitting  in  meditation,  and  reclining, 
or  passing  into  Nirvana.  Bronze.  The  seated  figurine  is,  like  No.  2, 
incrusted  around  the  forehead  with  colored  stones.  Measurements: 
13  inches,  10^  inches,  and  10  inches,  respectivel3\  (Plate  5,  Cat.  Nos. 
216127-216129,  U.S.N.M.) 

8.  Buddha,  seated  upon  the  lotus  throne,  which  is  supported 
by  two  lions,  the  emblem  of  the  Sakya  clan,  with  the  nimbus  in  form 
of  a  fig  leaf  in  the  back,  and  attended  by  Bodhisattvas  and  disciples, 
comprising  altogether  fifteen  figures.  Bodhisattvas,  in  the  teaching  of 
the  northern  or  Mahyana  schools  of  Buddhism,  are  preexistent  or 
future  Buddhas.  It  is  the  belief  of  the  Buddhists  that  these  teachers 
of  mankind  appear  upon  earth  at  long  intervals  and  the  doctrine  which 
they  all  proclaim  is  the  same.  With  each  there  is  a  period  in  which 
the  doctrine  flourishes,  then  a  gradual  decline,  then  it  is  completely 
overthrown,  till  a  new  deliverer  appears  and  once  more  establishes  the 
lost  truths.  The  last  Buddha  of  tliis  age  of  the  world  after  (xautama 
will  be  Maitreya, ' *"  the  loving  one.''  The  term  Bodhisattva  is,  however, 
often  applied  to  those  Buddhist  teachers  who  distinguished  themselves 
by  learning  and  piet3\  The  Bodhisattvas  are  usually  represented  as 
young  men  wearing  crowns  or  richly  ornamented  turbans  with  a  round 
nimbus  and  decked  with  bracelets,  necklaces,  and  breast  chains.  They 
are  also  often  provided  with  some  distinguishing  emblem  or  attribute, 
such  as  a  lotus,  a  sword,  a  small  pagoda,  a  book,  etc.,  and  they  ride 
animals,  as  lions,  elephants,  tigers,  etc.  Made  of  wood,  lacquered  and 
gilded.  Inclosed  in  a  black  lacquered  shrine  which  is  adorned  with  orna- 
mental bronze  clasps  and  fittings  and  gilded  inside.  The  doors  of  the 
shrine  on  the  inside  are  painted  in  colors  with  figures  of  j^ios  or  tem- 
ple guards,  which  are  sometimes  placed  on  both  sides  of  the  first  por- 
tal of  a  Buddhist  temple  in  Japan.  The  shrine  is  said  to  date  from 
the  sixteenth  centur}^  A.  D.,  and  to  have  come  from  the  Vara  temple. 
Mejisurements  of  tho  shrine:  Height,  2  feet  4  inches;  width,  2  feet; 
depth,  1  foot.  —Japan.     (Plates  6  and  7,  Cat.  No.  216133,  U.S.N.M.) 

9.  Buddha,  standing  in  a  small  pagoda  and  attended  on  either 
side  by  saints  seated  upon  lotuses.  The  pagoda  as  well  as  the  lotuses 
are  supported  by  mythical  animals,  which  rest  on  an  elabomtely  carved 
pedestal.  Wood,  carved,  lacquered,  and  gilded.  Inclosed  in  a  black 
lacquered  shrine,  the  interior  of  which  is  gilded.  Measurements  of 
the  shrine:  Height,  12^  inches;  width,  11  inches;  depth,  7^  inches. — 
Japan.     (Cat  No.  210184,  U.S.N.M.) 

10.  Buddha,  or  a  Bodhisattva,  seated  upon  the  lotus  throne, 
which  i»  supported  by  mythical  animals.  Wood,  carved  and  gilded. 
Inclosed  in  a  round  shrine,  lacquered  in  antique  red,  with  bronze 
decorated  folding  doors,  beautifully  carved  base,  and  gilded  inside. 
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Measurements:  Height,  15  inches;  diameter  of  the  base,  (>i  inches. — 
Japan.     (Cat.  No.  216135,  U.S.N. M.) 

11.  Buddha,  seated  upon  an  hexagonal  pedestal,  holding  in  his 
left  hand  the  alms  bowl..  Wood,  carved  and  gilded.  Inclosed  in  a 
black  lacquered  shrine,  the  interior  of  which  is  gilded.  The  shrine  is 
said  to  date  from  the  fifteenth  century  A.  D.  and  to  come  from  the 
Temple  of  Matsuma  at  Yamato,  Japan.  Measurements  of  the  shrine: 
Height,  4:i  inches;  width,  2  inches;  depth,  1  inch. — Japan.  Cat.  No. 
216136,  U.S.N.M.) 

12.  Two  Buddhist  saints  (Ar/tat^). — The  term  arhat,  also  arahat, 
rahat,  arhan,  and  rahan  (Sanskrit,  arhant),  is  applied  to  those  disciples 
and  followers  of  Buddha  who  have  attained  the  highest  degree  of  per- 
fection and  need  not  be  born  again;  especially  to  one  of  the  original 
five  hundred  disciples  of  Buddha.  Buddhist  temples  usually  contain 
numerous  images  of  saints,  to  whom  offerings  of  flowers,  incense, 
candles,  etc. ,  are  made.  Of  teak.  Height,  2  feet. — Burma.  (Piatt*  8, 
Cat.  No.  216132,  U.S.N.M.) 

13.  Two  Buddhist  monks,  holding  begoincj  nowii^. — Carved  on 
teak  plaques.  Buddhist  monks  shave  their  heads  and  wear  a  yellow 
robe.  They  get  their  living  by  begging  each  morning  from  house  to 
house,  when  they  collet^t  rice  and  fruit  enough  for  the  morning  and 
midda}^  meal,  as  their  lule  forbids  them  eating  after  midday.  The 
equipment  of  a  Buddhist  monk  consists  of  a  begging  bowl  (patra) 
and  fruit  bag,  a  rice  spoon,  a  ewer,  or  water  vessel  {udu  patra)^  a 
staff  {pin da) ^  a  razor,  a  sewing  needle,  and  a  waistband.  Measure- 
ments: Height,  2  feet;  width,  1  foot  6i  inches. — Burma.  (Plate  9, 
Cat.  No.  216147,  U.S.N.M.) 

14.  Pair  of  ornamental  begging  bowls. — Carved  of  wood  and 
inlaid  with  pieces  of  looking-glass.  Measurements:  Height,  Hi  inches; 
diameter,  16  inches.— Burma.     (Plate  10.     Cat.  No.  216138  U.S.N.M.) 

15.  Buddhist  sacred  book. — Written  on  palm  leaves,  which  are 
held  together  between  two  boards  by  a  cord  passed  through  them.  The 
writing  is  done  by  means  of  a  sharp  stylus,  and  then  ink  is  rubbed 
over  so  as  to  make  the  markings  with  the  stylus  visible.  The  sacred 
Scriptures  of  the  Buddhists  are  called  the  "  Tripltaka''^  ~  i.  e.,  three  bas- 
kets, because  the  palm  leaves  on  which  they  were  written  were  armnged 
in  baskets  as  receptacles.  Others  explain  the  term  as  symbolical  of 
the  transmission  of  the  teachings  of  Buddha  through  a  long  line  of 
teachers  and  pupils,  as  baskets  are  handed  on  at  excavations  from 
workman  to  workman.  The  sacred  language  of  the  southern  school  is 
Pali;  of  the  northern  school,  Sanskrit.  The  Buddhist  Scriptures  are 
divided  into  three  parts:  The  Vinaya  (^'guidance'')  contains  all  that 
relates  to  the  Order  of  Monks;  the  Sntraa  ("  threads'- — i.  e.,  discourse), 
the  exposition  and  elucidation  of  the  doctrines  of  Buddhism;  and  the 
Ahhidhanna  (expansion,  or  enlargement  of  the  doctrine),  a  detailed 
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discussion  of  the  philosophical  basis  of  the  doctrine.  Measurements: 
16  inches  b}^  2^  inches  by  1^  inches. — Burma.  (Plate  11,  Cat.  No. 
216139,  U.S.N.M.) 

16.  Prayer  wheel. — Consisting  of  a  metal  cylinder  through  which 
passes  a  wooden  handle  forming  its  axis.  Around  this  axis  a  long  strip 
of  paper  is  rolled,  inscribed  with  sacred  sentences  or  invocations. 
A  piece  of  metal  fastened  by  a  string  to  the  cylinder  facilitates  the 
turning  of  it.  Prayer  wheels  are  used  especially  by  the  Buddhists  of 
Tibet.  The  most  usual  invocation  inscril)ed  on  the  rolls  in  prayer 
wheels  consists  of  the  words:  ''Om!  Manipadme!  Hum!" — i.  e.,  O 
jewel  in  the  lotus  flower!  The  lotus,  which  is  otherwise  the  symbol  of 
purity  and  perfection  with  Buddhists,  is  here  employed  in  allusion  to 
Avalokiteshvara,  or  Padmapani,  the  present  Dhyani-Bodhisattva.  In 
the  theology  of  the  northern  school  of  Buddhism  each  earthly  Buddha 
(Manushi- Buddha)  has  his  mystic  or  spiritual  counterpart,  or  Dhyani- 
Buddha  in  one  of  the  heavens  or  the  world  of  forms.  Each  of  the 
Dhyani  Buddhas  again  has  his  Dhyani-Bodhisattva,  who,  after  the 
passing  awa}'  or  the  Nirvana  of  the  human  Buddha,  becomes  his  repre- 
sentative on  earth  until  the  appearance  of  a  new  Buddha.  Padmapani 
is  considered  as  the  Dhyani-Bodhisattva  of  Amitabha,  the  Dhyani- 
Buddha  of  Sakhya  muni.  By  the  Tibetans  he  is  held  in  special  venera- 
tion as  the  protector  and  patron  of  Tibet.  He  is  believed  to  have 
appeared  on  earth  from  a  lotus  flower  for  the  deliverance  of  mankind. 
The  Tibetans  believe  that  his  descent  and  incarnation  in  the  Dalai 
Lama,  the  head  of  Tibetan  Buddhism,  takes  place  by  the  emission  of 
a  beam  of  light. 

Each  revolution  of  the  cylinder  counts  as  an  uttered  prayer,  pro- 
vided that  the  turning  is  done  slowly  and  from  right  to  left,  the  latter 
in  order  to  follow  the  writing  which  runs  from  left  to  right. 

Besides  the  small  hand-prayer  wheels,  usually  measuring  from  3  to 
5  inches  in  height  and  from  2  to  3  inches  in  diameter,  there  are  some  of 
large  size  permanently  set  up  near  temples  and  monasteries  to  be  turned 
by  each  person  passing  by  them;  or  on  gables  of  houses,  or  over  the 
hearth,  where  they  are  twirled  by  the  wind  or  smoke.  Sometimes  a 
wheel  is  fixed  to  the  bed  of  a  stream  and  kept  in  motion  by  the  current, 
thus  praying  night  and  day  for  the  owner.  Measurements:  Height, 
2i  inches;  diameter,  3  inches. — Burma.  (Plate  12,  Cat.  No.  216140, 
U.S.N.M.) 

17.  Pair  of  temple  lamps.— Open  fi*etwork.  On  the  top  is  the 
receptacle  for  oil  in  shape  of  a  dish,  from  which  fig  leaves  are  sus- 
pended. The  whole  has  a  kind  of  aureole  as  a  background  and  is  sur- 
mounted b}'  Ganesa,  the  Hindu  god  of  sagacity  with  the  elephat  head, 
who  also  found  a  place  in  the  Tibetan  pantheon.  Made  of  bronze. 
Measurements:  Height,  3  feet  9  inches;  diameter  of  the  base,  13^ 
inches.— Tibet.     (Plate  13,  Cat.  No.  216141,  U.S.N.M.) 
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18.  Temple  drum. — Mounted  on  a  vase-shaped  wooden  stand  carved, 
gilded,  and  studded  with  colored  stones.  Drums  or  bells  are  put  up  in 
front  of  Buddhist  temples,  on  which  the  priests  strike  to  announce  the 
hours  of  prayer.  The  worshipers  also  strike  them  to  invite  the  pres- 
ence of  the  deity.  Drums  are  likewise  used  in  Buddhist  worship  to 
accompany  the  chanting  of  the  priests.  Measurements:  Height,  2  feet 
6  inches;  diameters,  14i  and  11  inches. — Burma.  (Plate  14,  Cat.  No. 
216142,  U.S.N.M.) 

19.  HowDAH,  OR  Saddle  of  the  Sacred  White  Elephant. — 
Carved  of  wood,  and  gilded.  The  rare  white  elephant,  properly  of  p 
pale  reddish-brown  color,  with  a  few  white  hairs,  is  considered  in  East 
India  as  a  sacred  animal.  Some  Buddhists  venerate  it  as  an  incarna- 
tion of  the  various  Buddhas.  Also  some  Bodhisattvas  are  represented 
riding  elephants.  The  elephant  is  also  considered  an  emblem  of  roy- 
alty, and  forms  a  most  imposing  feature  in  every  ceremonial  procession 
of  an  Indian  potentate.  Measurements:  Height,  2  feet  8  inches; 
length,  4  feet;  width,  2  feet  7  inches.— Burma,  (Cat.  No.  216143, 
U.S.N.M.) 

20.  Cabinet  of  the  King  of  Burma. — Carved  open  woodwork, 
gilded  and  inlaid  with  pieces  of  glass.  Measurements:  Height,  8  feet; 
length,  3  feet  3^  inches;  width,  1  foot  11  inches. — Burma.  (Cat.  No, 
216144,  U.S.N.M.) 

21.  Saddle  of  the  King  of  Burma. — Covered  with  red  velvet  and 
embroidered  in  gold.  Measurements:  Length,  2  feet;  width,  1  foot. — 
Burma.     (Cat.  No.  216146,  U.S.N.M.) 

22.  Bed  of  the  King  of  Burma. — Carved  open  woodwork,  gilded 
and  inlaid  with  glass  pieces.  Measurements:  Height,  3  feet  1  inch; 
length,  6  feet 6  inches;  width,  3 feet 6  inches. — Burma.  (Cat.  No.  216145, 
U.S.N.M.) 

23.  Wooden  carved  figure  holding  gong.— Gongs  are  used  in 
Buddhist  worship  to  make  known  the  presence  of  the  woi*shiper,  and 
also  as  introductory  to  prayer.  Height,  4  feet. — Burma.  (Cat.  No. 
216148,  U.S.N.M.) 

24.  Wooden  carved  FIGURE. — Height,  16^  inches. — Burma.  (Cat. 
No.  216149,  U.S.N.M.) 

25.  Kwanti,  the  Chinese  god  of  war. — Made  of  wood,  lac(juered 
and  gilded.  Height,  2  feet.— China.  (Plate  15,  Cat.  No.  216150, 
U.S.N.M.) 

26.  The  Chinese  god  of  peace. — Made  of  wood,  lacquered  and 
gilded.  Height,  2  feet.— China.  (Plate  16,  Cat.  No.  216151, 
U.S.N.M.) 

27.  Two  Japanese  porcelain  figures. — Represented  as  seated  On 
rocks,  the  one  holding  lotus  stalks  with  a  vase  at  its  side,  the  other 
with  food  vessels.  Height,  14^  inches  each. — China.  (Plate  17,  Cat. 
Nos.  216152-216153,  U.S.N.M.) 

Digitized  by  VjOOQ IC 


Report  of  U.  S.  National  Museum,  1904.— Casanowicz. 


Plate  1, 


A  Standing  Figure  of  Buddha. 

For  explanation  of  plate  see  page  740. 
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Plate  2. 
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Buddha  Sitting  in  Meditation. 

For  explanation  of  plate  see  page  740. 
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Report  of  U    S.  Nat  onal  Museum,   1904. — Casanowicz. 


Plate  3. 


Buddha  Seated  Upon  a  Lotus. 

For  explanation  of  plate  see  paoe  740. 
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Report  of  U.  S.  National  Museum,  1904. — Casanowicz. 
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Report  of  U.  S.  National  Museum,  1 904.— Ca»anowicz 
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Plate  7. 


The  Shrine  Closed. 

For  explanation  of  plate  see  page  741. 
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Repoit  of  U.  S.  National  Museum.  1904.— Casanowicz. 


Plate  8. 


Two  Buddhist  Saints. 

For  explanation  of  plate  see  page  742. 
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Report  of  U.  S.  National  Museum    1904  — Casanowicz. 


Plate  9. 


Buddhist  Monk. 

For  explanation  of  plate  see  page  742. 
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Report  of  U.  S.  National  Museum,  1904. — Casanowicz. 
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Report  of  U.  S.  National  Museunr.  1904. — Casanowicz. 
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Report  of  U.  S.  National  Museum,  1904. — Casanowicz. 
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Report  of  U.  S.  National  Museum,  1304. — Casanov,icz. 


Plate  13. 


A  Pair  of  Temple  Lamps. 

For  explanation  of  plate  see  page  743. 
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Report  of  U.  S   National  Museum,  1904. — Casanowicz. 


Plate  14. 


A  Temple  Drum. 

For  explanation  of  plate  see  page  744. 
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Report  of  U.  S.  Nalonal  Museum,  1904. — Casanowicz. 


Plate  16. 


The  Chinese  God  of  Peace. 

For  explanation  of  plate  see  page  744. 
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FLINT  IMPLEMENTS  OF  THE  FAYUM,  EGYPT. 


By  Heywood  Walter  8eton-Karr, 
Of  the  British  MUiiary  Sennce  in  Egypt. 


The  province  of  the  Fayuni,  in  which  the  implements  described 
below  were  found,  consists  of  a  natural  leaf-shape  depression,  sur- 
rounded by  the  Libyan  Hills,  on  the  west  of  the  Nile,  and  about  fifty 
miles  southwest  of  Cairo.  The  Bah  Yusuf  (Joseph's  canal)  connects 
the  Fayum  with  the  valley  of  the  Nile,  and  in  the  northwest  end  of  it 
is  the  Lake  Birket-el-Kurun  (''Lake  of  Horns").  In  ancient  times 
Lake  Moeris  filled  nearly  the  whole  depression  of  the  province,  and 
the  present  Birket-el-Kurun  is  considered  by  some  authorities  to  be  its 
shrunken  representative.     Here  also  was  the  celebrated  ''Labyrinth.'' 

The  district  of  the  Fayum  has  yielded  a  great  deal  of  material  for 
archeological  and  for  historical  research  in  the  stricter  sense  in  the 
form  of  papyri  and  the  celebrated  Hellenistic  encaustic  portraits. 

Lake  Birket-el-Kurun  is  salt,  and  drinking  water  has  to  be  carried 
to  the  neighborhood  on  camels.  In  ancient  times  the  lake  water  was 
potable,  having  been  of  considerable  volume. 

The  Arabs  near  Cairo  have  for  some  time  been  selling  flint  imple- 
ments of  new  types  from  the  Fayum;  indeed,  information  came  some 
years  ago  from  Schweinfurth,  Sayce,  Sturge,  and  Evans  that  they  had 
been  found  there  in  small  numbers.  Latterly  H.  J.  Beadnell  published 
a  short  paper  ^  with  map  and  plates.  The  map  was  important  as  show- 
ing roughly  the  supposed  limits  of  the  water.  An  outline  is  annexed, 
based  on  Beadnell's  map,  with  slight  additions  regarding  implement- 
iferous  localities  and  the  ancient  border.  The  implements  occur  over 
most  parts  of  the  surface  above  the  ancient  water  level  and  where  the 
prevailing  north  wind  removes  the  sand — such  as  the  crests  of  undula- 
tions. For,  in  some  parts  the  hardened  clay  of  the  lake  bottom  is 
barred  with  lines  of  small  sand  waves  having  clear  spaces  between; 
stones  and  implements  are  on  the  bare  parts,  and  few,  if  any,  under 
the  sand.  They  appear  to  prevent  the  sand  from  settling.  There 
is  practically  nothing  on  the  old  lake  floor,  even  where  the  deposit  has 
been  weathered  away  to  the  bed-rock,  excepting  around  the  border. 


«  Geological  Magazine,  February,  1903. 
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About  the  year  2200  B.  C.  Amenenihat  I  beg^an  to  bring  the  peri- 
odical inflow  from  high  Nile  under  control.  If  a  natural  lake  existed 
long  before,  having  broken  in  through  the  gap  during  some  great 
flood,  its  level  also  must  have  varied,  not  only  by  evapoi'ation  but 
during  cycles  of  low  Nile,  and  also  no  water  might  have  entered  the 
oasis  for  years  in  succession. 

The  nodules  of  flint  that  occur  all  over  this  desert  are  of  a  tough 
consistency,  small,  and  very  suitable  for  making  arrow  point^i  and  the 
distinctive  and  peculiar  Fayum  implements.  This  may  be  the  reason 
why  onl}'  two  '^coups-de-poing,"  or  ''drift''  implements  of  Chell^en 
or  Acheul^en  type  were  found. 
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Map  of  Fayim  Drsekt. 

The  dotted  line  shows  apiiroximately  the  shore  of  the  aneieiit  lake:  F  F,  implementiferous  spots; 
R,  niins  of  Qasr  el  Sagha. 

The  implements  from  the  flint  mines  in  the  Eastern  Desert  are  of  a 
cherty  material,  which  occurs  in  masses  and  nodules  of  such  shape  and 
consistency  as  to  be  suitable  for  making  them,  and  they  are  found 
only  in  that  vicinity.  Examples  may  now  be  seen  in  most  of  the 
museums  on  the  four  continents  from  both  these  localities,  as  also  of 
those  discovered  by  the  writer  in  Somaliland.  It  is  indeed  probable 
that  peculiar  types  discovered  in  difi'erent  parts  of  the  world  have 
been  evolved  through  the  local  material.  For  example,  in  the  paleo- 
lithic workshops  in  the  Madras  Province  of  India,  which  I^iscov  ered 
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with  the  help  of  Mr.  Bruce  Foote  and  Mr.  Macleod,  the  material  in 
the  shape  of  quartzite  nodules  is  suitable  for  that  type  of  implement. 
Specimens  of  these  also  are  now  to  be  seen  in  nearly  all  museums. 
At  Banda  (United  Provinces  of  India)  were  procured  numbers  of 
polished  axes  set  up  in  shrines,  etc. 

Besides  the  implements  shown  in  the  accompanying  plates,  there 
were  found  in  the  Fayum  disks  about  10  centimeters  in  diameter,  and 
scrapers,  the  paleolithic  "  racloir"  of  de  Mortillet's  LePr^historique.^ 

The  implements  here  figured  are  soon  likely  to  become  dispersed  by 
presentation  among  different  museums.  The  number  discovered  was 
very  large,  as  areas  of  surface  were  laid  off  systematical h-  and  many 
Arabs  were  employed.  They  are  remarkably  quick  at  finding  small 
objects  in  the  sand.  The  selection  is  therefore  more  or  less  repre 
sentative. 

There  are  also  two  types  not  figured  and  peculiar  to  the  Fayum, 
all  the  specimens  of  both  series  having  been  presented  to  the' Cairo 
Museum. 

The  fii*st  is  an  unsightly,  irregularly  shaped,  flat  knife,  pointed  at 
both  ends,  rather  rough,  and  with  concave  angles  for  fish-scaling. 
Not  uncommon. 

The  second  is  a  flat  knife  of  a  round  and  sometimes  of  an  oval  shape, 
but  having  somewhere  in  its  circumference  a  well-marked,  carefully 
worked,  re-entrant  angle  or  concave  edge.  The  shape  varies  so  much 
that  a  complete  representative  series  would  be  out  of  the  question. 
Figs.  124,  125,  127,  128,  129,  partly  resemble  them. 

Man}^  of  the  implements  figured  resemble  some  of  de  Mortillet's 
and  are  classified  as  later  paleoliths  of  the  Solutr^en  epoch,  corre- 
sponding to  the  Laugerie- Haute  epoch  of  Evans  -the  apogee  in  the 
making  of  stone  implements,  as  de  Mortillet  remarks.  The  color  of 
the  material  varies  greatly. 
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DESCRIITION  OF  PLATES. 

Plate  1. 

Thin  knives,  some  of  unusual  narrowness,  finely  worked  by  compression  on  both 
sidt^.  Nos.  1,  2,  7,  8,  9  have  for  their  Imaes  the  natural  ouU<i<le  of  the  stone;  No.  10 
is  Ijeautifully  flaked  by  compression.  -^  , 

a  ICdition  of  1900,  p.  170. 
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Plate  2. 

Arrowheads,  many  of  new  anu  nitherto  unknown  types.  Nearly  all  are  exquis- 
itely worked  along  the  edges.  No.  27  was  found  with  19  similar  ones  in  a  heap, 
partly  covered  by  blown  sand  and  may  be  the  contents  of  the  same  quiver.  Nos.  27, 
28,  29  are  about  one-fourth  inch  in  thickness,  and  are  of  a  light  pink  color. 

Plate  3. 

Further  types  of  arrows  of  unusually  large  nize  and  varied  sha|>es.  Some  resem- 
ble examples  from  Ireland. 

Plate  4. 

Nos.  97  to  107  are  additional  tyjx^s  of  arrows.  No.  107  must  be  compared  with  the 
Solutn^en  javelin  heads  or  "  Pointes  j\  craii"  figure<l  in  I^  Pr^historique  (p.  181) 
and  with  those  in  Plates  7  and  8.  Nos.  108  and  109  are  of  crystal,  the  only  examples 
not  included  in  my  di.'^covery.     They  are  in  the  Cairo  Museum. 

Plate  5. 

Nos.  112,  114,  11(5,  117,  120  are  flat  on  the  underside  and  show  the  conchoidal  frac- 
ture or  bulb  of  j>ercussion.  The  rest  are  worked  on  l)oth  sides;  having  a  natural 
butt  end,  however,  they  might  resemble  <le  Mortillet's  Mousterian  or  middle-paleo- 
lithic pointes  k  main  (p.  163). 

Plate  6. 

No.  122  is  one  of  a  large  number  of  l)ent  flakes,  polished  and  worked  to  a  scraping 
edge  on  one  side  and  peculiar  to  the  Fayum.  Nos.  123,  125,  126  another  Fayum 
type.  They  resemble  adze  blades  for  working  wocx!  and  hollowing  out  trees  for 
canoes.  Nos.  124,  125,  127,  128,  129  are  knives  with  a  cutting  edge  all  round  aild  an 
angle  for  scraping  *'grattoirs  concaves."  No.  V^O  exactly  resembles  de  Mortillet's 
"double  grattoir  Solutr^en"  in  the  Mus<»e  de  Saint  (Jermain.  These  are  not  exclu- 
sively paleolithic.  Evans  figures  one  from  Bridlington.  No.  131  is  one  of  two 
implements  found  which  resemble  a  gravel-drift  paleolith. 

Plate  7. 

These  implements  resemble  the  "^)ointes  en  feuille  de  laurier"  figure<l  in  J^  Pre- 
historique  on  pages  181,  627,  and  629.  They  l>elong  to  the  later  paleoliths  or  Solu- 
tr^n  epoch.  These  forms  drift  insensibly  into  the  *' Pointes  en  feuille  de  saule" 
and  '*  pointes  k  cran  *'  of  the  same  epoch.  Nos.  159  and  160  resemble  the  remarkable 
crescent-shaped  implements  on  Plate  8,  but  are  straight. 

Plate  8. 

Nos.  172, 173,  large  crescent-snaped  *' pointes  jI  cran,"  use  unknown.  No.  178  is  a 
**lame  pointue."  Nos.  174  to  183  are  peculiar  Fayum  arrowheads  or  javelin  heads 
calle<l  "pointes  il  cran*'  and  are  somewhat  waterworn  and  polished  by  friction  and 
use.  No.  184  in  Plate  8  to  198  on  Plate  9  are  saws,  now  thought  by  M.  Maspero  and 
others  to  have  been  fixed  in  wooden  handles  like  a  sickle.  Some  are  not  toothed, 
and  No.  191  is  a  rare  form.  No.  182  is  a  saw,  not  toothed,  but  pn)bably  equally 
effective. 

Plate  9. 

Figures  194  to  198  are  the  continuation  of  the  series  of  saws  snown  on  Plate  8. 
No.  198  strongly  resembles  the  implement  on  Plate  11  (No.  246),  but  the  lattt»r  is  very 
carefully  workt^l  aiul  not  tcH.theMl.  Nos.  199  and  2W  are  imj)lements  purchaseil 
from  Arabs  and  wereappan.»ntly  reworktMl  by  them  to  present  a  more  salable  apj^ear- 
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ance.  The  patination,  which  is  sometimes  extraordinary,  proves  their  antiquity. 
Nos.  201  to  213,  whether  arrow  or  javelin  heads,  are  of  rare,  varied,  and  practically 
unfamiliar  types.     No.  214  is  unique. 

Plate  10. 

These  are  large  and  remarkable  forms  of  arrows. 

Plate  11. 

Nos.  237  and  238  are  rare  form:*,  of  which  one  example  was  found  and  figured  by 
Beadnell.  No.  239  is  unique  and  is  perhaps  a  **grattoir,"  combined  with  a  borer, 
like  the  **poinvon  Solutr^en,"  Nos.  243,  244,  245  are  butt  ends  of  similar  ones.  Nos. 
241  and  242  are  somewhat  similar  to  each  other,  and  have  therefore  been  placed 
together.  They  were  probably  used  for  boring  wood,  as  the  cutting  edge  is  worked 
i>nly  on  one  side.  No.  240  has  the  concave  part  at  the  end  very  carefully  worked. 
Nos.  246  and  249  are  flakes  beautifully  worked  into  knives,  larger  examples  of 
these,  struck  off  as  a  single  flake  from  the  block  and  delicately  serrated,  are  shown 
in  the  Cairo  Museum.     No.  250  is  a  knife  with  rounded  ends. 

Plate  12. 

An  example  of  No.  251  was  found  and  figured  by  Beadnell  in  the  publication 
previously  referred  to.  No.  252  is  a  portion  of  a  long  serrated  spearhead.  No.  263 
consists  of  parts  of  an  armlet,  similar  to  those  discovered  in  Wadi  esh-Sheikh,  and 
figured  in  the  Liverpool  Museum  Bulletin,  as  well  as  in  Read's  Guide  to  the  Stone 
Age,  published  by  the  British  Museum.  Another  example  may  be  found  in  the 
Cairo  Museum.  No.  256  is  a  spearhead,  finely  worked  in  purple  flint  with  white 
patinations.  No.  257  is  the  same.  No.  258  resembles  the  implements  on  Plate  11, 
but  is  flat  on  the  underside,  as  also  is  No.  254.  No.  259  was  picked  up  under  a  large 
rock  by  a  Berber  boy.  M.  Maspero  says  that  these  are  now  regarded  as  sacrificial 
knives,  and  they  are  so  lal)eled  in  the  Cairo  Museum.  The  serrations  pointing  for- 
ward to  keep  the  handle  in  place,  are  especially  to  be  noted. 
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Plate  1. 


2  inches 


Knives  of  Flint  from  the  Fayum,  Egypt. 

For  explanation  of  plate  see  pace  749. 
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Plate  2. 
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Arrowheads  of  New  Type.    Fayum,  Egypt. 

For  explanation  or  plate  0EE  paoe  760. 
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Report  of  U.  S.  National  Museum,  1004— Seton-Karr 


Plate  3. 


Arrowheads  of  Varied  Shape.    Fayum,  Egypt. 

For  explanation  of  plate  sec  page  750. 
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Plate  4. 
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Arrowheads  of  Different  Forms.    Fayum,  Egypt. 

For  explanation  of  plate  see  paoe  750. 
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Plate  5. 


Objects  of  Worked  Flint.    Fayum,  Egypt. 

For  explanation  of  plate  see  page  750. 
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Report  of  U.  S.  National  Museum.  1d04.—  Seton-Karr. 


Plate  6 


Various  Types  of  Flint  Implements.    Fayum,  Egypt. 

For  explanation  of  plate  see  page  750. 
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Plate  7. 
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Flint  Implements.    Fayum,  Egypt. 

For  explanation  of  plate  see  page  750. 
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Plate  8. 
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Arrow  and  Javelin  Heads,  Saws,  etc.    Fayum,  Egypt. 

For  explanation  of  plate  see  page  760. 
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Plate  9. 
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Saws  and  Other  Implements  of  Flint.    Fayum,  Egypt. 

For  explanation  of  plate  see  paoes  750,  751. 


NAT    MUS    1904 — —40 


Digitized  by  VjOQQIC 


Digitized  by  VjOOQ IC 
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Plate  10. 
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Arrowheads  of  Remarkable  Form.    Fayum,  Eoypt. 

Foil  EXPLANATION  OF  RLATE  SEE  PAGE  761. 
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Plate  1 1 . 
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Scrapers,  Knives,  Drills,  etc.    Fayum,  Egypt. 

For  explanation  of  plate  see  page  751. 
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Plate  12. 
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Spearheads,  Sacrificial  Knives,  etc.    Fayum,  Egypt. 

For  explanation  of  plat  e  bee  paoe  751 . 
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Specimens,  acquisition  of,  by  purchase  restricted  owing  to  small  appropriation.        25 
approximate  number  of,  received  by  Museum  during  year  recorded 

by  subject^i,  table  showing 32 

distribution  and  exchange  of : 46 

of,  for  study,  numVjer  of .'^,46 

drawers  made  during  the  year,  number  of 24 

lent  by  Division  of  Plants,  number  of 43 

obtained  from  the  allotment  to  the  Museum  by  Congress 14 

of  Museum  classified 6, 11 

duplicate 6,11 

received  during  year.  Department  of  Anthropology 26, 62 

Biology 26,79 

Geology 26,97 

total  number  of,  in  possession  of  Museum  at  close  of  year,  recordeil 

by  subjects,  table  showing 32 

received  in  all  the  departments '    26 

Sponville,  Juarez,  collection  of  platiniferous  rocks  presented  by 31, 97 

Springer,  Frank,  material  for  study  loaned  to 44, 103 

S.  S.  Rowland  Collection  of  Buddhist  Religious  Art  in  the  National  Museum, 

by  Immanuel  M.  Casanowicz 735 

St.  Louis  exhibit,  summary  of  work  done  for 78 

Staff,  administrative,  list 106 

Museum,  list 105 

primary  work  of 33 

scientific,  list *  105 

Stanford  University,  fishes  of  Japan  collected  and  described  by  Doctor  Jordan 

and  Mr.  Snyder,  presented  by 83 

Stanton,  T.  W.,  custodian,  Mesozoic,  Section  of  Invertebrate  Fossils... 106 

Stanton,  W.  A.,  Philippine  insects  donated  by 30, 84 

Starks,  Edwin  Chapin,  titles  and  notices  of  papers  by 170, 171, 174, 180 

State  Department,  material  secured  through  representatives  of 53 

State  surveys,  fifth  era  of,  or  the  era  of  national  surveys 551 

the  era  of 194 

first  decade 295 

fourth  decade 503 

second  decade 363 

t h ird  decade 429 

Statistician  of  the  United  States  Bureau  of  Immigration,  researches  conducted 

by 39 

Stearns,  R.  E.  C,  honorary  associate  in  zoology 106 

series  of  west  American  shells  presented  by 29,83 

title  and  notice  of  paper  by 180 

Stebbing,  Thomas  R.  R.,  title  and  notire  of  pai>er  by , 180 

NAT  MUS  1904 51  Pigi^i,,^  by  Google 
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Steele,  Edward  S.,  special  attention  given  to  genus  laciniaria  by 43 

Steere,  Joseph  Beal,  title  and  notice  of  paper  by 50, 180 

Stejneger,  Leonhard,  account  of  the  herpetology  of  the  Bahama  Islands  pre- 
pared by  40,92 

acted    temporarily    as    head    curator,   Department    of 

Biology 94 

collect  ion  of  reptiles  from  Japan  worked  up  by 40 

Texas  identified  by,  in  conjunc- 
tion with  Vernon  Bailey 40 

the  Bahamas  worked  up  by . . .  40, 92 

curator,  Division  of  Reptiles  and  Batrachians 105 

delegate  to  the  International  Congress  of  Zoology  ...  45, 55, 94 
detailed  to  make  faunal  collections  in  the  Swiss  and  Ital- 
ian Alps 79 

gener^  management  of  Department  of  Biology  devolve*! 

upon 77 

Heri)etology  of  Porto  Kico,  published  by 50, 92 

papers  by,  printed  in  other  publications  than  those  of 

the  Institution 51 

report  on  the  Fifth  Zoological  Congress,  published  by  . .  40, 92 

species  of  lizard  described  by 81 

specimen  of  iguana  described  by 81 

studies  on  the  reptile  fauna  of  eastern  Asia  continued  by.  41, 92 

titles  and  notices  of  papers  by 180 

Stevenson,  Mrs.  Matilda  Coxe,  field  work  in  the  West  carried  on  by 45 

title  and  notice  of  paper  by 180 

Stewart,  Alban,  resignation  of 56, 104 

Stiles,  Charles  Wardell,  custodian  Section  of  Helminthological  collections 106 

delegate  to  the  Sixth  International  Congress  of  Zoology        55 

investigation  of  the  hook-worm  disease  completed  by .  42, 94 

** spotted  fever"  undertaken  by  ..  42,94 

papers  relating  to  parasites  published  by 94 

parts  of  an  index  catalogue  of  medical  and  veterinarj' 
zoology  published  by,  in  cooperation  with  Doctor 

Hassall 94 

titles  and  notices  of  papers  by 181 

Stokes,  H.  N.,  specimens  for  study  sent  to 44 

Stratigraphic  Paleontology,  Division  of,  progress  in 104 

routine  work  in 101 

Stratton,  S.  VV. ,  material  from  Department  of  Anthropology  loaned  to 72 

Strong,  R.  M.,  collection  of  birds  consulted  by 40, 90 

Study  series,  Department  of  Biology,  work  on  the 86 

Summary  of  the  operations  of  the  year 21 

Surplus  material,  distribution  of 90 

Swanton,  J.  R.,  field  work  in  the  West  conducted  by 45 

Sweeny,  Thomas  W. ,  care  of  the  study  series  continued  by 68 

Swingle,  W.  T. ,  custodian,  Section  of  Higher  AlgH? 106 

Taconic  question,  the 675 

Tassin,  Wirt,  analyses  made  by 104 

assistant  curator.  Division  of  Mineralogy 106 

meteorite  from  Persimmon  Creek,  North  Carolina,  described  by.  44, 104 
time  spent  by,  in  St.  Louis  installing  exhibits 102 
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Tassin,  Wirt,  title  and  notice  of  paper  by 181 

Technological  exhibited,  increase  in 28, 75 

Temple  drum,  description  of 744 

lamps,  description  of 743 

Thompson,  J.  C,  collecting  outfit  supplied  to 45 

specimens  of  fishes  from  Puget  Sound  donated  by 29, 82 

Tonk,  William,  and  Bro. ,  serenato  saxophone  presented  by 62 

Townsend,  Charles  H.,  lecture  on  Exploration  of  the  Deep  Sea  delivered  by. .        48 

Transfers  and  loans,  Department  of  Anthropology 64 

Trask,  Mrs.  Blanche,  Califomian  shells  presented  by 29, 83 

Treasury  Department,  original  Francis  life-saving  car  loaned  to 72 

special  acknowledgments  due  to 53 

True,  Frederick  W. ,  curator,  Division  of  Mammals 105 

head  curator.  Department  of  Biology 105 

monograph  on  the  whalebone  whales  completed  by 39, 92 

papers  on  cetaceans  published  by 39 

published  by 50, 92 

report  on  the  Department  of  Biology  for  the  year  1903-4 

by 77 

representative  of  Smithsonian  Institution  and  National 
Museum  on  United  States  Government  Boaixi  for  Loui- 
siana Purchase  Exposition 53,  77 

titles  and  notices  of  papers  by 181 

Tsuchida,  T.,  collection  of  Japanese  mammals  purchased  from 29, 82 

Uhler,  P.  R.,  specimens  of  rhynchota  loaned  to 42, 89 

Ulrich,  E.  O.,  collection,  transferred  by  U.  S.  Geological  Survey 31 

papers  completed  by,  in  conjunction  with  R.  S.  Bassler 44, 104 

title  and  notice  of  joint  paper  by 181, 182 

Unger,  C.  W. ,  collection  of  fossil  plants  donated  by 32, 100 

Upham,  E.  P.,  charge  of  cataloguing,  division  of  prehistoric  archeology 75 

Vaughan,  T.  Wayland,  custodian  Madreporarian  Corals,  Section  of  Inverte- 
brate Fossils 106 

progress   made  by,  in  the  study  of  madreporarian 

corals 42 

titles  and  notices  of  papers  by 182 

Verner,  Samuel  P.,  collecting  outfit  supplied  to 46 

Verrill,  A.  E.,  specimens  supplied  to .• 43, 89 

Vertebrate  Paleontology,  section  of,  accessions 32, 100 

routine  work  in 101 

Visitors 47 

Voorhees,  Miss,  collections  in  Department  of  Anthropology  examined  by 39, 71 

Walcott,  Charles  D.,  honorary  curator.  Division  of  Stratigraphic  Paleontology.       106 

Walker,  B.  E.,  gift  received  from 100 

Walpole,  F.  A.,  notice  of  death  of 95 

War  Department,  Bureau  of  Ordnance,  collection  of  firearms  deposited  by 28 

objects  of  interest  and  value  deposited  by 53, 65 

Ward,  Lester  F. ,  associate  curator.  Section  of  Paleobotany 106 

Washington  Biologists'  Field  Club,  collection  of  insects  received  from 30,84 

Waters,  C.  E.,  lecture  delivered  by 49 

Watkms,  J.  Elf retbv  biographical  sketch  of 56 

reference  to  death  of 56 

Watkins,  Thomas  L.,  collections  in  applied  geology  studied  by 44, 103 

Weliauer,  Emil,  models  of  steamboat  propellers  purchased  from 63 
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Wharton,  J.  R.,  specimens  of  smoky  quartz  donated  by 31, 99 

Whelpley,  H.  M.,  material  in  Department  of  Anthropology  studied  by 39 

White,  Charles  A. ,  honorary  associate  in  Paleontology 106 

White,  David,  custodian  of  Paleozoic  Plants,  Section  of  Paleobotany 106 

title  and  notice  of  paper  by 182 

Whitman,  C.  0.,  collection  of  birds  consulted  by 40 

Wickersham,  James,  customs  of  Indians  of  Alaska  investigated  by 39, 71 

Wilcox,  Timothy  E.,  fossil  skull  secured  through  the  efforts  of ...        32 

Wild  Flower  Preservation  Society  of  America,  lecture  delivered  by  Dr.  C.  E. 

Waters  under  the  auspices  of 49 

Wilder,  Burt  G.,  specimens  of  mammals  sent  to 40 

Williams,  Gardner  F. ,  gift  to  the  Division  of  Geology  from 31 ,  97 

Williams,  T.  A.,  intention  of,  to  transfer  herbarium  from  George  Washington 

University  to  the  Museum 80 

plants  presented  by 30, 80 

Willis,  Bailey,  paper  read  by,  at  the  Ninth  International  Geological  Congress-        55 

Willis,  Richard,  collecting  outfit  supplied  to 46 

Wilson,  Charles  Branch,  siphonostoma  sent  to,  for  identification  and  report..        89 

specimens  of  parasitic  copepods  sent  to 42, 43 

title  and  notice  of  paper  by 182 

Wilson,  Thomas,  archeological  collection  purchased  belonging  to  the  estate  of 

the  late 26,63 

Wood,  Miss  Elvira,  paper  treating  of  the  Middle  Devonian  crinoids,  pre- 
pared by 44, 104 

Woodbridge,  Prof.  S.  Homer, .  services  of,  engaged  to  plan  the  mechanical 

equipment  of  new  Museum  building 13 

Wooden  carved  figure  holding  gong,  descripf ion  of 744 

Wooton,  E.  O.,  specimen  of  bat  presented  by :• 29, 81 

Work  of  the  year.  Department  of  Anthropology 61 

Biology 77 

Geology 97 

on  the  study  series.  Department  of  Biology 86 

Yale  Museum,  gift  from,  through  C.  E.  Beecher 32, 99 

Young,  Miss  Mary  Virginia,  appointed  clerk  m  oflfice  of  acting  head  curator. 

Department  of  Anthropology 75 

Zoological  Museum,  University  of  Copenhagen,  Denmark,  exchange  received 

from * 30,46,83,99 

si>ecimens,  number  of  additions  to. 28 

total  number  received 79 
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